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Abstract 
 
Obesity and overconsumption have reached epidemic levels within an obesogenic 
environment, yet some individuals manage to resist overconsumption and remain lean.  
Investigation of the biopsychological factors underpinning resistance behaviours may shed 
light on how best to prevent obesity.  Resistance to overconsumption may be achieved 
through terminating an eating episode before an excess is consumed, inhibiting initiation of 
an eating episode, choosing appropriate foods, or a combination of these.  This research 
programme investigated the biopsychological factors underlying resistance in a variety of 
situations, in the context of obesity risk.   
 It was firstly established using a cross-sectional sample of 50 adults (Chapter 5; 
sample also reported in Chapters 6 and 7) that overconsumption, assessed via a chocolate 
snack food taste test, was positively correlated with food-specific sensitivity to reward rather 
than generalised reward sensitivity.  The relative contribution of candidate factors to 
resistance to overconsumption was then assessed in a neutral and obesogenic laboratory 
environment, represented by food cues comprising advertisements and snack presence 
(Chapter 6).  Fifty adults completed measures of food reward sensitivity, inhibitory control 
and eating behaviour traits before receiving a chocolate snack taste test in the presence or 
absence of food cues.  While inhibitory control and food reward sensitivity both predicted 
intake, inhibitory control was more influential.  Food cues did not affect amount eaten; 
however, food reward sensitivity played a stronger role in the presence of food cues, 
suggesting that they may trigger overconsumption in susceptible individuals.  The influence 
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of these factors was then examined within the same sample in initiation of overconsumption.  
Participants were offered an opportunity to opportunistically initiate eating through an 
unexpected snack taste test (Chapter 7).  Initiation of snacking was associated with better 
inhibitory control, and snack intake was predicted by BMI, sensitivity to food reward and 
motor impulsivity.   
 The fourth study in the thesis (Chapter 8) investigated biopsychological differences in 
chronic overconsumption whilst controlling for body composition, using three groups:  
overconsumption resistant: always lean (L; n = 20); overconsumption susceptible: overweight 
or obese (O; n = 20); and formerly susceptible but currently lean: reduced (R; n = 19).  
Psychological and neuropsychological functioning were assessed, together with food choice 
via a buffet meal.  Self control was associated with chronic and acute overconsumption, 
particularly of high-fat sweet (HFSW) foods, as was processing speed linked to inhibitory 
control and working memory errors of commission.  Food reward sensitivity was linked to 
food choice but did not differ between groups.  The reduced group showed similar 
psychological performance to the overweight rather than the lean group, indicating little 
effect of weight loss on reducing risk for overconsumption.   
 Finally, the capacity for psychological factors associated with resistance to 
overconsumption to be improved through exercise was explored.  Fifteen overweight, 
sedentary male adults completed four weeks of supervised exercise, preceded and followed 
by measures of food reward sensitivity, inhibitory control, eating behaviour traits and food 
intake.  The exercise intervention resulted in small, non-significant improvements in 
inhibitory control and dietary restraint, and significantly reduced body fat on average.  
However, great individual variability was observed, with some individuals failing to lose fat, 
indicating dietary overconsumption.  Overconsumption during the intervention was 
associated with higher dietary disinhibition and lower reward sensitivity for HFSW foods, 
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both also associated with higher food intake.  It is possible that a longer intervention duration 
is necessary in order to effectively facilitate resistance to overconsumption.   
 Taken together, results from this research programme suggest a strong role for 
individual differences in resistance to overconsumption, in a variety of contexts.  Resistance 
to overconsumption was robustly associated with self control, whereas sensitivity to food 
reward was implicated in overconsumption susceptibility.  Evidence so far does not support 
modification of biopsychological factors through weight loss or exercise, although the 
possibility merits further investigation.  These findings underline the importance of multi-
level interventions to support obesity prevention.   
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Foreword 
The seed of this thesis came from the observation that the broader population of the UK, and 
indeed the Western world, was experiencing a seemingly inexorable rise in overweight and 
obesity, with the majority of people seeming helpless victims of greater fast food availability 
and larger portion sizes.  A notable proportion, however, appeared to be alert to and 
successful at defying this trend.  I began to be interested in the reasons behind this minority’s 
apparent refusal to succumb to the relative tide of overweight, and the resources that enabled 
them to resist it.  Many individuals who have remained lean have mentioned that, if they 
perceived that they had put on a few pounds or that their clothes were a little tighter, they 
simply eased off on the biscuits or beers for a while and took a little more exercise until they 
were back to an acceptable weight or size.  I have always been curious about the factors that 
enabled, or compelled, these individuals to consistently monitor themselves and to ‘ease off’ 
where others could, or would, not.  Were they immune to the ‘obesogenic’ environmental 
influences affecting the rest of the population?  Or were they more proficient at actively 
resisting their charms?  Moreover, could their motivations and abilities be applied to others to 
help tackle the problem of obesity, even in those who do not perceive the severity of the 
problem?  These are the fundamental questions that I have been attempting to address 
through the rather limited form of a PhD programme.  
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Chapter 1: Introduction  
 
 
1.1  Outline of the research problem: obesity and overconsumption 
 
Global rates of obesity have seen a dramatic increase in recent years, to the extent that it has 
reached epidemic proportions (Caballero 2007, Finucane, Stevens et al. 2011, Swinburn, 
Sacks et al. 2011).  In Australia and in the UK, similarly to many Western countries, data 
suggest that around two-thirds of adults are currently overweight (classified as having a body 
mass index (BMI) >25 kg/m²) or obese (BMI >30 kg/m²) (Organisation for Economic Co-
operation and Development 2011, National Obesity Observatory 2013, Ng, Fleming et al. 
2014).  This represents a major health and economic concern as obesity is a condition linked 
to a number of serious health outcomes, including Type 2 diabetes (Danaei, Finucane et al. 
2011), cardiovascular disease (Lavie, Milani et al. 2009), and a range of cancers (Renehan, 
Tyson et al. 2008), all of which reduce quality of life and increase mortality risk.  Increases in 
the prevalence of these diseases are likely to entail huge costs to healthcare systems; recent 
estimates placed the cost of obesity at $100 billion per annum in the United States 
(Olshansky, Passaro et al. 2005) and AU$21 billion in Australia (Access Economics 2006).  
Reducing the prevalence of chronic lifestyle conditions such as obesity is therefore of 
paramount importance.  Furthermore, as obesity is largely driven by lifestyle factors, it is 
theoretically preventable, and it should therefore be possible to reduce its impact with 
targeted interventions to reduce weight and maintain a healthy weight.  
2 
 
 Understanding the aetiology of the processes leading to obesity may help to inform 
the most effective strategies for preventing further increases in prevalence.  Body weight is 
governed by the laws of thermodynamics, or energy balance.  However, the evidence 
suggests that energy intake and expenditure may not be as tightly regulated as other crucial 
biological processes (Blundell 2006, Cornier 2009).  The regulation of food intake has been 
described as asymmetrical, such that the body tolerates (and possibly even encourages) a 
surplus of energy far more readily than a deficit (Blundell and Gillett 2001, Schwartz, Woods 
et al. 2003, Rosenbaum, Kissileff et al. 2010).  This can be observed during energy balance 
perturbations and responses to energy restriction (de Groot, van Es et al. 1989, Heilbronn, de 
Jonge et al. 2006, Redman, Heilbronn et al. 2009), which indicate that homeostatic control of 
body weight, particularly energy intake, is extremely susceptible to influence from external 
sources.   
Accordingly, the rate of increase of the obesity epidemic has coincided with changes 
to the environment, in which energy-dense and palatable foods are increasingly available and 
served in larger portions (Young and Nestle 2002); factors that tend to facilitate greater intake 
(Wansink and Kim 2005) and weight gain (French, Mitchell et al. 2014).  While 
technological advances mean that populations are becoming increasingly sedentary 
(Tremblay and Williams 2003), and physical activity levels have declined from Palaeolithic 
times (Hayes, Chustek et al. 2004), evidence suggests that overall levels of activity have 
remained relatively stable over the last few decades during the emergence of the obesity 
epidemic (Westerterp and Speakman 2008).  Although the debate is ongoing, dietary 
overconsumption is thought to largely account for the marked increase in the prevalence of 
obesity (McCrory, Suen et al. 2002, Westerterp and Speakman 2008, Swinburn, Sacks et al. 
2009, Duffey and Popkin 2011, Levitsky and Pacanowski 2011, Albar, Alwan et al. 2014).  
The obesogenic environment in which we now live, with pervasive food availability and 
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persuasive cues to eat, appears to promote overconsumption (Chaput, Klingenberg et al. 
2011, Martin and Davidson 2014).  
 However, it is clear that not all individuals overconsume on a prolonged or chronic 
basis, leading to weight gain.  A statistical minority, around one third of adults in the majority 
of Western countries, are lean (Organisation for Economic Co-operation and Development 
2011, National Obesity Observatory 2013), and appear to resist overconsumption and 
successfully remain lean throughout adulthood in spite of the obesogenic environment.  This 
individual variability in response to the same environment warrants closer examination.  
While addressing the obesogenic environment itself may be the obvious choice, a broad 
environmental approach to combat the obesity epidemic is likely to be difficult or slow to 
implement in practice, due in part to industry resistance and insistence on self-regulation, and 
arguments for individual choice and personal responsibility in eating behaviour (Jenkin, 
Signal et al. 2011, Ronit and Jensen 2014).  Identifying the factors that enable some 
individuals to resist overconsumption and successfully defend a lean body weight may 
therefore improve understanding and knowledge of the most effective strategies to manage 
obesity, and prevent further increases within the population. 
Moreover, the fact that dietary overconsumption is dependent on behavioural energy 
intake – in contrast to energy expenditure, which comprises behaviours such as exercise, and 
other expenditure factors such as resting metabolic rate and dietary-induced thermogenesis – 
suggests a psychological basis underpinned by neurological function.  To date, obesity 
research has tended to focus on metabolic and physiological factors involved in 
overconsumption and weight gain, such as genetic and hormonal factors (Baynes, Dhillo et 
al. 2006, Speakman, Levitsky et al. 2011), neglecting a role for psychological factors and 
processes.  The importance of psychological factors both in the aetiology of overconsumption 
and as a target for treatment or prevention is only now beginning to be considered.   
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However, a bias exists in the literature towards factors associated with susceptibility 
to overconsumption and weight gain, rather than resistance to it (e.g. Stroebele and de Castro 
2006, Wansink, van Ittersum et al. 2006, Ferriday and Brunstrom 2008, Bellisle, Dalix et al. 
2009, Chaput, Klingenberg et al. 2011, Epstein, Carr et al. 2011), although some studies do 
investigate factors associated with successful weight loss (e.g. DelParigi, Chen et al. 2006, 
Butryn, Phelan et al. 2007, Bond, Phelan et al. 2008) and others are beginning to investigate 
approaches aimed at reducing food intake (Andrade, Greene et al. 2008, Wansink and Hanks 
2013, Robinson, Kersbergen et al. 2014).  The rationale behind this approach is that these 
factors could be targeted and treated (in the individual) or removed (from the environment).  
This ‘pathological’ approach has traditionally been dominant in health research, especially 
within psychology (Seligman and Csikszentmihalyi 2000), resulting in a focus on treatment 
of what is perceived as abnormality.  However, it is acknowledged that obesity is very 
difficult to treat, with high rates of weight regain following initial weight loss from 
behavioural approaches such as dieting (Garner and Wooley 1991, Jeffery, Epstein et al. 
2000, Wing and Hill 2001).  An exception is bariatric surgery (Gloy, Briel et al. 2013), which 
tends to be offered only in extreme obesity.  This treatment difficulty suggests that internal 
factors prompting overconsumption may be resistant to modification, and highlights the 
importance of understanding contributors in the aetiology of obesity.  It may be more 
appropriate and useful to focus instead on obesity prevention in individuals who are not (yet) 
obese, as a guide as to how best to negotiate the obesogenic environment.  In this way, 
focusing study on those individuals who remain lean in the obesogenic environment, and the 
factors that enable them to successfully resist overconsumption, may shed light on promoting 
the most effective strategies to manage the problem of obesity.   
This thesis postulates that individual differences in psychological factors are critical 
in enabling certain individuals to put in place behaviours that allow resistance to 
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overconsumption, in spite of environmental cues that prompt overconsumption and a 
physiological framework that is tolerant of weight gain.   
 
1.2  Purpose and original contribution of the thesis  
 
The thesis will use a novel resistance-based approach to advance knowledge of the 
biopsychological drivers of overconsumption in the aetiology of obesity, and will provide an 
in-depth understanding of biopsychological factors involved in resisting overconsumption.  It 
will identify individual differences in drivers of eating behaviours, and highlight particular 
challenges faced by some individuals within the obesogenic environment.  This knowledge 
may be used to inform targeted obesity prevention programmes in order to assist at-risk 
individuals in resisting overconsumption, through understanding the internal 
biopsychological factors and interaction with the environment that may predispose 
overconsumption.  This thesis also aims to highlight the importance of successfully resisting 
overconsumption in order to achieve a better standard of health and cognitive functioning, 
both at the individual and population level.   
 
1.3  Scope of the thesis 
 
While it is recognised that overconsumption is a relative concept relating to energy 
requirements (see Chapter 3), and that energy requirements may be altered by increasing or 
decreasing energy expenditure through physical activity, the thesis will focus on resistance to 
overconsumption from the perspective of energy intake and associated behaviours.   In 
delineating the scope of factors examined, this thesis will address overconsumption from a 
biopsychological perspective.  That is, it is recognised that overconsumption is a behaviour, 
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influenced by psychology and grounded in neural function.  Whilst not directly assessed in 
the experimental work, neurological function is discussed as the theoretical basis of cognitive 
factors influencing eating behaviour.  Here, reference to overconsumption behaviours relates 
to those directly involved in energy intake, for example initiating and terminating an eating 
episode, rather than peripheral behaviours that may influence intake, such as food purchasing 
and preparation.  Psychological factors will be considered that (1) have an established neural 
basis and (2) have a clear relation to some aspect of eating behaviour, in accordance with a 
cognitive-behavioural approach.  Factors that have not been neurally localised, or that do not 
share a defined theoretical overlap with eating behaviours, such as interpersonal social 
psychological factors, will not be considered here.  It is recognised that overconsumption is 
also influenced by biological factors linked to appetite and energy regulation, such as 
peptides involved in promoting or inhibiting energy intake.  While direct assessment of these 
biological factors is beyond the scope of the thesis, it is recognised that they play a role.  The 
interaction between biopsychological factors and environmental inputs in determining 
overconsumption is a key focus of the thesis.   
 
 
1.4  Thesis outline 
 
The next chapter in the thesis (Chapter 2) reviews the state of current experimentally derived 
knowledge of factors influencing susceptibility or resistance to overconsumption, and 
identifies questions that are as yet unanswered.  This chapter proposes specific research 
questions to be addressed within the thesis.  Chapter 3 analyses the nature of 
overconsumption in order to provide a working definition to be used in research, and 
considers methodological issues inherent in the measurement of overconsumption.  It also 
reflects how research can best address outstanding questions to be meaningful in the context 
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of obesity risk, within the confines of experimental design.  Chapter 4 outlines the aims of the 
research programme and the specific objectives of each experimental study within it, in 
accordance with the research questions identified in Chapter 2.  Chapters 5 – 9 describe in 
detail the rationale, methods, results and conclusions of each experimental study.  Findings 
from these experimental studies are synthesised in Chapter 10 to conclude on the nature of 
and mechanisms involved in resistance to overconsumption.  This final chapter considers the 
contribution of the thesis to the body of knowledge and broader implications for application 
to obesity prevention.   
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Chapter 2: Literature review: Biopsychological factors associated 
with resistance to overconsumption and proposed mechanisms 
 
2.1 Overview 
 
The aims of this chapter were to evaluate the body of knowledge on resistance to 
overconsumption to date, and identify gaps for further investigation.  The behaviours 
enabling resistance to overconsumption are first identified.  Several key candidate 
psychological traits and cognitive functions potentially underlying these behaviours are 
discussed.  It is acknowledged that, while beyond the scope of the experimental work in this 
thesis, psychological abilities depend on neurological functioning, and the prefrontal cortex 
in particular subserves many psychological factors linked to successful resistance to 
overconsumption.  A bidirectional relationship between overconsumption and impairment to 
neural resources integral to resistance to overconsumption is considered.  Finally, the role of 
exercise in improving resistance to overconsumption, indirectly through reducing neural 
impairment and directly through affecting energy balance, is discussed.  Research questions 
are identified arising from gaps within the literature.  
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2.2 What does resistance to overconsumption involve?  
 
Overconsumption is defined as food intake that consistently exceeds energy requirements, 
which on a chronic basis leads to weight gain (Fay, Finlayson et al. 2013; see Chapter 3).  
Chronic overconsumption may be observed indirectly through body composition, in that as 
overconsumption promotes a positive energy balance and weight gain, overweight is a 
reliable marker for chronic overconsumption (Fay, Finlayson et al. 2013).  It follows that 
resisting overconsumption involves avoiding a chronic positive energy balance, so that 
energy intake is matched or exceeded by energy expenditure.  This may be observed through 
three key patterns or components of eating behaviours: (1) terminating an eating episode 
before an excess of food is consumed (relating to quantity consumed); (2) inhibiting initiation 
of surplus eating episodes (relating to frequency of consumption); and (3) selecting foods that 
are adequately satiating relative to their energy density (relating to food choice); see Figure 
2.1.  It is not known whether individuals who are successful at resisting overconsumption 
employ predominantly one or several components, and whether common underlying 
psychological factors are associated with each.   
 
 
 
 
 
 
 
Figure 2.1: Schematic diagram of three components of resistance to overconsumption in 
relation to an eating episode 
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The first component in resistance to overconsumption, terminating an eating episode 
before an excess of food is consumed, is the most comprehensively studied in the literature, 
perhaps because it is most easily achieved by the measurement of food intake in the 
laboratory.  This aspect refers to the amount of food that is consumed within an eating 
episode, or the magnitude of an eating episode, including portion size.  In this case, resistance 
to overconsumption involves moderating the amount eaten within the eating episode by 
terminating the eating episode at a point where an adequate amount of food has been 
consumed, avoiding an excess.  Defining ‘excessive’ consumption in this context may depend 
on several factors, such as a judgement of an appropriate proportion of energy taken in (see 
Fay, Finlayson et al. 2013), and broadly relates to the point beyond which enough food has 
been consumed to meet energy balance requirements; the so-called homeostatic approach to 
appetite control.  Terminating the episode, or moderating its magnitude, may be achieved in a 
variety of ways; for example by reducing eating rate (Andrade, Greene et al. 2008, Viskaal-
van Dongen, Kok et al. 2011), recognising and responding to satiety cues (Wansink, Payne et 
al. 2007, Madden, Leong et al. 2012), or making a conscious decision to stop eating 
(Tuomisto, Tuomisto et al. 1998).  The factors associated with intake during a single eating 
episode are the focus of the majority of research in the field and will be discussed in further 
detail below.   
The second component, inhibiting initiation of surplus eating episodes, refers to the 
frequency of eating episodes, or the time between eating episodes (meals or snacks).  
Research on the role of eating frequency in overconsumption and obesity is mixed, with some 
work finding a positive association between frequency of eating episodes and lower body 
weight (Ma, Bertone et al. 2003). However, other studies have found that increased frequency 
of eating episodes, in the form of increased snacking, is associated with elevated body weight 
(Berteus Forslund, Torgerson et al. 2005, Mattes 2014).  The direction of the relationship 
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may be moderated by quality of foods eaten as snacks (Evans, Jacques et al. 2014).  
However, the issue is further confused by the fact that self-report data on eating frequency 
may be particularly susceptible to under-reporting (McCrory, Howarth et al. 2011).  The 
factors associated with frequency of eating initiation have received little attention in the 
literature (Tuomisto, Tuomisto et al. 1998, Cummings, Purnell et al. 2001).  It is therefore not 
clear whether the factors driving the amount eaten within an eating episode, or termination of 
an eating episode, are the same as those associated with initiation of an eating episode, 
although physiological evidence suggests that initiation and termination are regulated by 
different processes (Parent, Darling et al. 2014), which may correspond to psychological 
factors.  
 The third component of resistance to overconsumption is the selection and 
consumption of foods that are adequately satiating for the amount of energy they provide, or 
adequately nutritious for the amount of energy provided, i.e. foods that are of a lower energy- 
and higher nutrient-density.  Energy density refers to energy content per unit weight (e.g., 
kcal/g or kJ/g).  Since fat provides more energy per gram than carbohydrate or protein, 
energy density as studied in the laboratory is often linked to fat content (Stubbs, Ritz et al. 
1995), although this may be separated through manipulating water or fibre content (e.g. Bell, 
Castellanos et al. 1998, Rolls, Bell et al. 1999).  In this way, resistance to overconsumption 
entails a larger proportion of foods consumed of a lower energy density.  Supporting this is 
an association between habitual consumption of energy dense foods and BMI (Geliebter, Ang 
et al. 2013, Laurenius, Larsson et al. 2013, Feskens, Sluik et al. 2014).   Such research has 
tended to focus on the role of neural reward systems (e.g. Berthoud 2012), and consequently, 
any additional factors associated with preference for low energy-dense foods have been 
under-explored.   
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One, or a combination, of these components is likely to lead to a stabilisation of 
energy balance.  It must also be noted that as body weight changes, energy requirements also 
change and therefore associated food-related behaviours may adapt to this.  Implementation 
of the components of resistance to overconsumption depends on behaviour, which is itself 
governed by psychological factors with a neural basis, influenced by physiological signals, in 
interaction with the environment.  The psychological factors associated with maintenance of 
the associated behaviours, and their neural basis, are consequently of great interest in light of 
the individual variability in susceptibility to overconsumption.  The analysis of these factors 
is a primary aim of the thesis.  There may be common factors associated with each 
component of resistance to overconsumption, but this has not been comprehensively explored 
and the extent of any overlap or commonality is to date unknown.   
 Given that the direct consequence of prolonged overconsumption may be reflected in 
an increase in body weight, it follows that behaviours involved in successfully resisting 
overconsumption on a long-term basis may also include the ability to detect these observable 
changes, and amend eating behaviours as necessary in order to preserve lean body weight.  
Accordingly, a body of research has demonstrated that self-monitoring of body weight is 
linked to maintenance of lean body weight (Wing and Hill 2001, Davison and Birch 2004, 
Shrewsbury, Robb et al. 2009), successful weight loss (VanWormer, Martinez et al. 2009, 
Krukowski, Harvey-Berino et al. 2012) and engaging in healthy weight control behaviours 
such as physical activity (Alm, Neumark-Sztainer et al. 2009).  Self-monitoring of food 
intake is associated with successful weight loss (Boutelle and Kirschenbaum 1998), 
maintenance (Wing and Hill 2001, Johnson, Pratt et al. 2011), and lower intake (Geier, 
Wansink et al. 2012), possibly due to increased attention to satiation signals and cues 
(Herman, Ostovich et al. 1999).  
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2.3  Psychological factors underlying resistance to overconsumption 
 
2.3.1  Disinhibited eating tendency  
Given that the majority of work on overconsumption focuses on factors that facilitate it, 
rather than those that prevent it, a large body of work surrounds the trait of disinhibited 
eating, or disinhibition.  Disinhibition may be defined as trait opportunistic eating, or the 
tendency to overeat in the presence of palatable food or other stimuli (Bryant, King et al. 
2008, Savage, Hoffman et al. 2009), and therefore its conceptual relation to overconsumption 
is rather self-evident.  A strong evidence base has demonstrated a positive association 
between disinhibited eating and both acute and chronic overconsumption (Keim, Canty et al. 
1996, Dykes, Brunner et al. 2003, Ouwens, van Strien et al. 2003, Blundell, Stubbs et al. 
2005, Hays and Roberts 2007, Bryant, King et al. 2008, Chaput, Leblanc et al. 2009, Savage, 
Hoffman et al. 2009, Fay and Finlayson 2011, Maayan, Hoogendoorn et al. 2011, Finlayson, 
Bordes et al. 2012).  Examination of the mechanism of action of disinhibition suggests that 
dietary disinhibition may be associated with disturbances in the processing of reward from 
food (Martin, Holsen et al. 2009, Lee, Chong et al. 2013).  The strength of this association is 
perhaps not surprising given that the definition of disinhibition as an eating style is so closely 
aligned to the act of overconsumption itself.  It can be concluded from the literature that 
resistance to overconsumption is associated with an absence of a disinhibited eating style.  
While this finding is of interest in itself, it may be more practically beneficial to consider 
factors that are more actively involved in resistance.     
 
2.3.2  Sensitivity to reward 
One of the factors most associated with (susceptibility to) overconsumption is individual 
differences in sensitivity of the reward system to activation by food.  It is generally accepted 
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that overconsumption is stimulated by the hedonic aspects of food (Blundell and Finlayson 
2004, Lowe and Levine 2005, Lowe and Butryn 2007, Schultes, Ernst et al. 2010, Berthoud 
2011).  These hedonic properties refer to the pleasure gained from consuming a palatable 
food (Berridge 2009).  Accordingly, overconsumption has been associated with greater liking 
for palatable, mainly energy-dense foods, as shown by an association between the self-
reported liking of a food and increased intake of it (Yeomans, Blundell et al. 2004, Yeomans 
2007), and higher body weight (Nederkoorn, Houben et al. 2010, Finlayson, Caudwell et al. 
2011).  However, studies examining the influence of both the liking and wanting aspects of a 
hedonic response report that the latter motivational component is a more powerful 
determinant of overconsumption (Mela 2001, Epstein and Leddy 2006, Finlayson, Bryant et 
al. 2009, Born, Lemmens et al. 2011, Fay and Finlayson 2011).   
There is an evolutionary-based argument for a link between energy-dense foods and a 
neural reward response; such foods enable greater energy storage in the body and might offer 
protection against starvation in times when food was scarce.  An evolutionary advantage 
would hence be conferred by a strong reward response to such foods, promoting 
overconsumption (see King 2013).  Through learning, the reward response is elicited not only 
by eating energy-dense foods in particular (la Fleur, Vanderschuren et al. 2007), but by food-
related cues such as the presence, sight and smell of food (Jansen, Theunissen et al. 2003, 
Coelho, Polivy et al. 2009, Luo, Romero et al. 2013) and other associated stimuli such as 
food logos (Bruce, Lepping et al. 2013, Burger and Stice 2014).  Such cues can elicit 
increased consumption (Ferriday and Brunstrom 2008).  Food-related advertising, for 
example, has been argued to result in increased reward-driven food intake (Harris, Bargh et 
al. 2009), although there are significant individual differences (see Mills, Tanner et al. 2013 
for a review).  It is also not clear whether these effects could be partly explained by exposure 
to television, regardless of content (Bellisle, Dalix et al. 2004, Blass, Anderson et al. 2006).  
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Over time, the presence of such cues stimulates a reinforcing anticipatory reward response 
(Stice, Spoor et al. 2008).  It is argued that in an obesogenic environment, where food and 
cues to eat are abundant, reward responsivity to such cues prompting overconsumption 
becomes a disadvantage, as food intake is elevated in the absence of periods of starvation 
(Lenard and Berthoud 2008, Zheng, Lenard et al. 2009).  
This evolutionary-based theory does not explain individual variation in 
overconsumption through food reward; however, several psychological theories support the 
role of individual differences with respect to sensitivity to reward, including that gained from 
consuming (primarily energy-dense) food.  One of the most established of these is Gray’s 
Reinforcement Sensitivity Theory (revised by Gray and McNaughton 2000).  This states that 
behaviour is motivated by two systems: the behavioural approach system (BAS), which 
mediates reactions to appetitive stimuli, such as palatable food, and the fight-flight-freeze 
system (FFFS), which mediates an inhibited response to aversive stimuli, such as social 
rejection (Corr 2004).  The theory states that individual differences in sensitivity to reward 
are caused by differences in the reactivity of the BAS to reward-related stimuli, underpinned 
by mesolimbic dopaminergic systems (Dawe and Loxton 2004).  In support of this, imaging 
research has demonstrated an association between self-reported sensitivity to reward and 
neural response to food images (Beaver, Lawrence et al. 2006).  
 Consistent with Reinforcement Sensitivity Theory, research has demonstrated a robust 
relationship between sensitivity to reward and both acute and chronic overconsumption.  
Self-reported sensitivity to reward has been positively associated with chronic 
overconsumption, as indicated by overweight/obesity (Davis, Strachan et al. 2004, Franken 
and Muris 2005, Davis, Patte et al. 2007, Davis and Fox 2008, Mobbs, Crépin et al. 2010, van 
den Berg, Pieterse et al. 2011, Verbeken, Braet et al. 2011).  Sensitivity to the rewarding 
properties of food, as indicated by the reinforcing value of food (RRV; Epstein, Lin et al. 
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2012), operationalised as time invested ‘working’ to obtain food chosen over another reward, 
has been correlated with both acute overconsumption (Epstein, Temple et al. 2007, Guerrieri, 
Nederkoorn et al. 2007, Rollins, Dearing et al. 2010, Epstein, Lin et al. 2012, Rollins, Loken 
et al. 2014) and chronic overconsumption (Jacobs and Wagner 1984, Saelens and Epstein 
1996, Temple, Legierski et al. 2008, Hill, Saxton et al. 2009, Temple, Bulkley et al. 2009, 
Giesen, Havermans et al. 2010, Epstein, Carr et al. 2011, Epstein, Lin et al. 2012).  Further 
objective evidence comes from neuropsychological research showing relationships between 
overconsumption and neural activation in reward-related areas of the brain (including the 
mesolimbic dopaminergic system, nucleus accumbens, medial prefrontal cortex and 
striatum).  A positive correlation has been demonstrated between chronic overconsumption 
and activity in reward-related areas in response to food images (Beaver, Lawrence et al. 
2006, Rothemund, Preuschhof et al. 2007, Stoeckel, Weller et al. 2008, Martin, Holsen et al. 
2009, Small 2009, Batterink, Yokum et al. 2010, Stice, Yokum et al. 2010, Stice, Yokum et 
al. 2011, Dimitropoulos, Tkach et al. 2012, Luo, Romero et al. 2013, Martens, Born et al. 
2013) and receipt of palatable food (Stice, Spoor et al. 2008, Stice, Yokum et al. 2010, Ng, 
Stice et al. 2011), and activity in these regions has been shown to predict food intake (Spetter, 
de Graaf et al. 2012).   
 However, the relationship between overconsumption and sensitivity to reward may be 
more complex.  Within these brain areas involved in reward processing, stimuli such as 
palatable foods stimulate a release of dopamine via a serotonin-, enkephalin- and GABA-
ergic cascade, activating dopamine receptors at sites such as the nucleus accumbens (Blum, 
Chen et al. 2012).  Repeated or chronic overconsumption may lead to a decline in numbers of 
receptors, or their sensitivity, or an increase in autoinhibition (Kita, Parker et al. 2007, 
Volkow, Fowler et al. 2009) thus negating the effects of increased dopaminergic stimulation.  
This is associated with a decline in reward response to formerly rewarding foods following 
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chronic overconsumption.  In support of this, studies have shown a quadratic relationship 
between overweight and reward sensitivity, which is elevated in the overweight compared 
with normal-weight individuals, but lowered in the obese (indicative of a history of chronic 
overconsumption) (Davis, Strachan et al. 2004, Verbeken, Braet et al. 2011).  This 
relationship suggests that, while greater reward sensitivity may precipitate overconsumption, 
prolonged overconsumption (indicated by greater obesity) is associated with a subsequent 
decline in reward sensitivity.  This may be related to a blunted reward response to all stimuli, 
appearing as ahedonia or depressive symptoms, which are often a comorbid factor in obesity 
(Pagoto, Spring et al. 2006, Luppino, de Wit et al. 2010).  Emerging research in animal 
models adds evidence to suggest that chronic overconsumption may be a cause of depressive 
symptoms (Souza, Moreira et al. 2007, Sharma and Fulton 2013, Grillo, Mulder et al. 2014), 
related to reduced reward function.  
 These findings suggest that overconsumption, both acute and chronic, may be linked 
to global functioning of the neural reward systems.  However, research into the nature of the 
food reward response suggests that food reward may depend on unique pathways.  Appetitive 
hormones, notably ghrelin, have been found to influence reward-driven overconsumption in 
animals (Naleid, Grace et al. 2005, Egecioglu, Jerlhag et al. 2010, Dickson, Egecioglu et al. 
2011, King, Isaacs et al. 2011, Overduin, Figlewicz et al. 2012) and ghrelin is correlated with 
reward responses to food in humans (Malik, McGlone et al. 2008, van Zessen, van der Plasse 
et al. 2012).  However, some evidence suggests that ghrelin may also modulate other non-
food appetitive behaviours, such as alcohol intake (Dickson, Egecioglu et al. 2011), 
suggesting some commonality of pathways.  Few studies have investigated this issue directly.  
Further research using RRV tasks, a behavioural measure of food-specific reward, has found 
an inconsistent relationship with self-reported global reward sensitivity.  One study reported a 
correlation between responding for food and observationally-reported reward in children 
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(Rollins, Loken et al. 2014); however, others have found that greater motivation for food 
reward, but not other pleasurable activities, was associated with overconsumption and 
overweight (Epstein, Lin et al. 2012).  Enhanced food reward experienced beyond reward 
from other activities may most accurately predict overconsumption (Epstein, Carr et al. 
2011), and due to measurement discrepancies, the extent of overlap between food-specific 
reward and global reward sensitivity is not definitively known (Stephens, Duka et al. 2010).   
A logical conclusion from this body of work is that, as susceptibility to 
overconsumption is associated with greater reward sensitivity, resistance to overconsumption 
may be associated with reduced sensitivity to the rewarding properties of food, and therefore 
reduced motivation to overconsume.  Many of the aforementioned studies assessed 
overconsumption by comparison with a lean control group, which demonstrated relatively 
lower sensitivity to reward.  However, as this proposition has mainly been tested indirectly, 
the role of reduced reward sensitivity in resistance to overconsumption remains a passive one.  
It is not known whether reward sensitivity may contribute to a more active process of 
resistance, and whether any such contribution is food reward-specific, or depends on the 
function of neural reward systems more generally.   
 
2.3.3  Dietary restraint 
Logically, resistance to overconsumption in the obesogenic environment includes an element 
of deliberate control, in the form of exercising restraint during and between eating episodes 
and regarding food choice.  Dietary restraint is defined as a tendency to attempt to restrict 
food intake for the purposes of weight control (van Strien, Frijters et al. 1986).  While this 
may be seen as a helpful trait in resisting overconsumption, Restraint Theory (Herman and 
Mack 1975) posits that the cognitive control of intake is maladaptive, as it is liable to break 
down under certain situations such as stress or negative affect (Herman and Mack, 1975), 
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leading to excessive eating.  In this way, restraint may therefore characterise susceptibility 
rather than resistance to overconsumption.  Experimental evidence for a role for dietary 
restraint on overconsumption is, however, mixed.  It has been associated with 
overconsumption in response to stress (Greeno and Wing 1994, Lattimore and Maxwell 2004, 
Polivy, Herman et al. 2010) and negative affect (Cools, Schotte et al. 1992, Peñas-Lledó, 
Loeb et al. 2008, Fay and Finlayson 2011), although this has also been disputed (Sheppard-
Sawyer, McNally et al. 2000, Wallis and Hetherington 2009).  It has been argued that the 
relationship between restrained eating tendency and overconsumption is highly dependent on 
the method of assessing restraint (Westenhoefer, Broeckmann et al. 1994, Williamson, 
Martin et al. 2007).  For example, many self-report questionnaires assessing restraint do not 
distinguish between successful and unsuccessful restraint (Larsen, van Strien et al. 2007, 
Williamson, Martin et al. 2007) or dieting (Rideout and Barr 2009); and some also measure 
binge eating or disinhibited eating tendency (Williamson, Martin et al. 2007).  Furthermore, 
dietary restraint in conjunction with disinhibition has been associated with overconsumption 
(Haynes, Lee et al. 2003, Fay and Finlayson 2011) and risk for eating disorders (Wilksch and 
Wade 2004), although restraint alone has not consistently been related to symptoms or onset 
of anorexia or bulimia (Sysko, Walsh et al. 2005, Goldschmidt, Wonderlich et al. 2014).  
More recently, a distinction has been made between rigid and flexible restraint 
(Westenhoefer, Stunkard et al. 1999), with flexible restraint being less susceptible to 
derailment and associated with a higher degree of success in aiding weight control (Hays and 
Roberts 2007, Teixeira, Silva et al. 2010).  Supporting this, self-reported dietary restraint has 
been found to be associated with lower BMI and weight loss (Delahanty, Meigs et al. 2002, 
DelParigi, Chen et al. 2006, Savage, Hoffman et al. 2009), indicating that it may play a strong 
role in resistance to overconsumption, due to links with self regulation and self control (see 
Johnson, Pratt et al. 2011 for a review).  Restraint may influence resistance through a range 
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of behaviours associated with reducing food intake, such as monitoring portion size and food 
availability in the home (Phelan, Liu et al. 2009), as well as behaviours associated with 
avoidance of chronic overconsumption, including weight monitoring and increasing energy 
expenditure through exercise (McGuire, Wing et al. 1999).   
 
2.3.4  Self control 
It is possible that restrained eating tendency may reflect a more global trait, subject to 
individual differences, that extends beyond eating behaviour, given that eating behaviours 
involve a number of cognitive processes.  For example, it is necessary to exercise control in 
order to choose between conflicting motivations and goals, such as gaining reward from 
consuming palatable foods, or gaining the health and social desirability benefits associated 
with maintaining a lean body weight.  Successful dietary restraint has been found to be 
associated with higher self control (Kuijer, de Ridder et al. 2008, Meule, Lukito et al. 2011).  
Moreover, an association is suggested by neuropsychological evidence showing significant 
overlap between activation in brain areas involved in successful cognitive restraint of eating 
and areas associated with top-down control and inhibition (e.g. dorsolateral prefrontal cortex 
(dlPFC), ventromedial prefrontal cortex (vmPFC) and orbitofrontal cortex (OFC)) (DelParigi, 
Chen et al. 2006, Hollmann, Hellrung et al. 2011, Page, Seo et al. 2011).   
Consistent with this, a body of research has highlighted the role of self control, or the 
lack of it, in acute and chronic overconsumption.  Self control can be defined as the ability to 
override or change inner automatic responses to internal or external stimuli, as well as to 
interrupt undesired behavioural tendencies or impulses and refrain from acting on them 
(Tangney, Baumeister et al. 2004) in order to achieve longer-term goals.  Again, research 
here has tended to focus on susceptibility, rather than resistance, to overconsumption, and has 
centred on the role of impulsiveness in the aetiology of overconsumption.  Impulsiveness can 
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be defined as a predisposition toward immediate, unplanned reactions to stimuli, without 
regard to the negative consequences of these reactions for the individual or to others 
(Moeller, Barratt et al. 2001).  The extent of overlap between the two constructs of self 
control and impulsivity has yet to be established (Dawe and Loxton 2004), and while it is not 
clear whether research implicating impulsiveness in overconsumption may translate to a role 
for self control in resistance to overconsumption, they are likely to share common factors.  A 
large body of research has demonstrated a positive correlation between impulsivity and 
chronic overconsumption (Davis, Strachan et al. 2004, Nederkoorn, Smulders et al. 2006, 
Sullivan, Cloninger et al. 2007, Davis, Levitan et al. 2008, Weller, Cook Iii et al. 2008, 
Junger and van Kampen 2010, Mobbs, Crépin et al. 2010, Nederkoorn, Houben et al. 2010, 
Rasmussen, Lawyer et al. 2010, Crescioni, Ehrlinger et al. 2011, Johnson, Pratt et al. 2011, 
van den Berg, Pieterse et al. 2011, Danner, Ouwehand et al. 2012, Delgado-Rico, Rio-Valle 
et al. 2012, Fields, Sabet et al. 2013) and prospective weight gain (Nederkoorn, Jansen et al. 
2007, Crescioni, Ehrlinger et al. 2011).   
It is not yet clear from this work at what point reduced self control affects 
overconsumption; whether it is implicated in the termination of eating episodes, frequency of 
eating episodes or food choice.  However, several studies have demonstrated correlations 
between impulsivity and attentional bias to food-related stimuli (Tetley, Brunstrom et al. 
2010, Hou, Mogg et al. 2011), which may be involved in initiating an eating episode, given 
associations between attentional bias and self-reported appetite (Hepworth, Mogg et al. 2010, 
Loeber, Grosshans et al. 2013).  Impulsivity has also been associated with acute 
overconsumption in the laboratory, that is, amount eaten within an eating episode, relating to 
failure to terminate the eating episode appropriately (Guerrieri, Nederkoorn et al. 2007, 
Guerrieri, Nederkoorn et al. 2007, Nederkoorn, Guerrieri et al. 2009, Allan, Johnston et al. 
2010).  Impulsivity, or lack of impulse control, has also been implicated in a range of 
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overconsumption behaviours (Wills, Isasi et al. 2007, Jasinska, Yasuda et al. 2012).  This 
indicates that self control may play a role in several or all components of resistance to 
overconsumption.   
 
2.3.5  Interaction between factors: Reward sensitivity and self control  
Within individuals, it is plausible that several of the above contributing factors interact, and 
in turn interact with environmental factors, to determine overall resistance to 
overconsumption.  In particular, it is possible that reward sensitivity and self control interact 
to influence resistance capability.  Counteractive Control Theory (Trope and Fishbach 2000) 
provides a conceptual model for this by suggesting that a threat to long-term goals, presented 
by conflicting reward sources (such as potential reward from consuming palatable food that 
conflicts with a goal of weight management) may activate cognitive, affective and 
motivational processes to counteract the short-term costs associated with resisting impulses 
that threaten the long-term outcome.  It is therefore plausible that greater self control is 
necessary for resistance to overconsumption when reward sensitivity is stronger.   However, 
few studies have examined this.  Nederkoorn et al. (2010) reported an interaction between 
response inhibition and implicit food preferences in predicting weight gain over time, where 
strong preferences affected weight gain only when response inhibition was ineffective.  
Rollins et al. (2010) measured intake and found that the effect of reward sensitivity on 
overconsumption was moderated by delay discounting, which can be interpreted as a form of 
reward-related response inhibition.  However, methodological inconsistencies in these studies 
suggest a need for replication to explore this issue in more depth.    
The possibility of an interaction between reward sensitivity and self control can be 
elucidated further by examination of the neural basis of these constructs, which this thesis 
takes as the theoretical and physical underpinning of psychological factors relevant to 
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resistance to overconsumption.  Physiological evidence reveals that prefrontal cortical areas 
identified in self control (Yuan and Raz 2014) receive dopaminergic projections from reward-
related limbic areas (Miller 2000, Hollmann, Hellrung et al. 2011), suggesting that control-
related brain areas may be involved in moderating more basal reward-based impulses.  These 
findings suggest that it is possible that an individual may be reward sensitive, but still able to 
resist overconsumption due to the ability of self control to override reward-driven impulses to 
overconsume.  See Figure 2.2 for a schematic of potential interactive factors influencing 
resistance to overconsumption, and their proposed neural bases as suggested by evidence 
from the literature cited within this review.  It must be noted that the constructs in this 
schematic, whilst localised to the structures mentioned, are likely to rely on multiple 
structures besides those mentioned through a network of pathways.   
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2.4  Executive functioning and resistance to overconsumption 
 
Effective resistance to overconsumption may therefore depend on a more complex process of 
decision-making resulting from an evaluation of the potential reward gained from 
overconsuming palatable foods, balanced by motivation to resist overconsumption and 
available self control resources.  Evidence for this hypothesis comes from neuroimaging 
studies showing associations between evaluation of food-related reward and activity of the 
vmPFC, which receives projections from the ventral tegmental area, a key component of the 
reward system (Hare, Camerer et al. 2009) and the OFC, also involved in reward valuation 
(Siep, Roefs et al. 2009, Hollmann, Hellrung et al. 2011).  Successfully controlled food-
related decisions have been correlated with activity in the dlPFC (Hare, Camerer et al. 2009, 
Cornier, Salzberg et al. 2010, Hollmann, Hellrung et al. 2011, Hare, Hakimi et al. 2014).  
Taken together, these studies suggest a neural basis for a strong role of evaluative decision-
making in resistance to overconsumption.  
 Supporting this, a body of research has found that decision-making is strongly related 
to both acute and chronic overconsumption.  Decision-making is just one psychological 
function that relies upon the prefrontal cortex (Bechara, Tranel et al. 2000), which underlies 
‘executive functions’ including assimilation of diverse information sources towards planning 
and goal-directed behaviour (Tanji and Hoshi 2001).  Executive functioning has been 
localised to the PFC, with larger PFC volume correlated with better task performance (see 
Yuan and Raz 2014 for a meta-analysis).  Evidence for the importance of decision-making in 
resistance to overconsumption comes from a body of research finding impairments in 
neuropsychological task performance, such as the Iowa Gambling Task (Bechara, Damasio et 
al. 1994), in obese individuals (chronic overconsumers) compared with lean individuals 
(Davis, Levitan et al. 2004, Pignatti, Bertella et al. 2006, Weller, Cook Iii et al. 2008, Brogan, 
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Hevey et al. 2010, Verdejo-Garcia, Perez-Exposito et al. 2010), although some evidence 
suggests performance may also be affected by education level (Davis, Patte et al. 2010).   
However, weight loss has been shown to correlate with improvements in task performance 
(Witbracht, Laugero et al. 2011), suggesting a direct link.   
 Decision-making is not the only executive function in which performance 
impairments have been observed in chronic overconsumers.   As argued above, self control is 
central to resistance to overconsumption, and a component of it, response inhibition, has been 
found to depend on executive prefrontal brain areas (Hollmann, Hellrung et al. 2011).  The 
ability to inhibit inappropriate responses, including eating behaviours, when the responses 
conflict with a greater goal, such as weight management, is an important component of 
resistance to overconsumption.  Its influence has been demonstrated by differences between 
obese and lean individuals on neuropsychological tasks assessing response inhibition 
(Waldstein and Katzel 2006, Verdejo-Garcia, Perez-Exposito et al. 2010, Mobbs, Iglesias et 
al. 2011).  A related function, mental flexibility, or the ability to change a course of action to 
achieve a goal, has also demonstrated obesity-related impairment (Cserjési, Luminet et al. 
2009, Fergenbaum, Bruce et al. 2009), as have tests assessing attention (Cournot, Marquié et 
al. 2006, Mobbs, Iglesias et al. 2011, Stanek, Strain et al. 2013), although not all studies have 
shown attention deficits (Gunstad, Lhotsky et al. 2010), and observed differences may vary 
according to whether stimuli are food-related (Stingl, Kullmann et al. 2012).   
 Another executive function which has been shown to be impaired in chronic 
overconsumption is working memory.  Working memory is necessary for holding 
information in an accessible store for manipulation of the information for goal-related 
purposes (Becker and Morris 1999).  It may also be involved in resistance to 
overconsumption through referral to the last eating episode, both in terms of amount eaten 
and time of last eating, retrieval of which memories has been shown to correlate with 
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subsequent food intake (Oldham-Cooper, Hardman et al. 2011, Robinson, Aveyard et al. 
2013).  Several studies have found impairments related to increased adiposity or elevated 
BMI, indicative of chronic overconsumption, on measures of working memory (Cournot, 
Marquié et al. 2006, Volkow, Wang et al. 2008, Gunstad, Lhotsky et al. 2010, Bove, Brick et 
al. 2013).  Concurrently, weight loss has been reliably associated with improvements in 
memory (Brinkworth, Buckley et al. 2009, Smith, Blumenthal et al. 2010, Gunstad, Strain et 
al. 2011, Siervo, Arnold et al. 2011, Alosco, Spitznagel et al. 2014).   
 Moreover, chronic overconsumption indicated by obesity has been associated with 
structural abnormalities in prefrontal cortical areas (dlPFC and vmPFC) associated with 
executive functioning (Gazdzinski, Kornak et al. 2008, Raji, Ho et al. 2010, Walther, Birdsill 
et al. 2010), as well as neural areas involved in processing reward value, such as the OFC 
(Pannacciulli, Del Parigi et al. 2006, Maayan, Hoogendoorn et al. 2011).  Lower volumes of 
grey and white matter in prefrontal areas associated with obesity also predicted future weight 
gain (Yokum, Ng et al. 2012), indicating a prospective effect.  Structural changes indicate 
more profound effects of chronic overconsumption, although one study found that abnormal 
increases in white matter associated with obesity were partially reversed with weight loss 
(Haltia, Viljanen et al. 2007).   
Direct assessment of acute overconsumption and its effect on executive function is 
more challenging.  Human studies are often limited to correlational analysis or self-report, 
although a number of studies support a further link between executive function impairment 
and acute overconsumption.  Riggs et al. (2010) found that intake of snack food was related 
to self-reported general executive function ability.  Kesse-Guyot et al. (2012) assessed global 
cognitive function and verbal memory and found that stronger performance was assessed 
with habitual consumption of a ‘healthy’ diet (high in fruit, vegetables and whole grains and 
low in animal fat), especially in participants whose energy intake was below the median.  
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Findings from similar studies link habitual consumption of a high-fat diet with general 
executive functioning and memory impairment (Francis and Stevenson 2011, Hall 2012).  
One study that directly assessed the effects of a seven-day high-fat diet found that reaction 
times were increased in a range of neuropsychological tasks, and attention was decreased, 
compared with controls.  Animal models allow more direct observation of the effects of 
overconsumption on neural function, and a range of studies have demonstrated memory 
impairment following dietary-induced obesity (via a high-fat or high-sugar diet) relative to 
controls (Kanoski, Meisel et al. 2007, Jurdak, Lichtenstein et al. 2008, Jurdak and Kanarek 
2009, Asem and Holland 2012, Davidson, Monnot et al. 2012, Alzoubi, Khabour et al. 2013, 
Beilharz, Maniam et al. 2014).  Similar results were observed after exposure to a high-salt 
diet, often associated with dietary overconsumption in humans (Chugh, Asghar et al. 2013).  
Moreover, one study demonstrated that cognitive impairment resulting from dietary-induced 
obesity was partially reversed by restricted diet and exercise, with the greatest improvements 
when both were combined (Woo, Shin et al. 2013).  These findings indicate a strong dose-
dependent effect of overconsumption on cognitive function.   
 
2.5  A mechanism of executive functioning impairment and impaired resistance to 
overconsumption: Neuroinflammation  
 
This body of research suggests a clear link between overconsumption and executive function 
impairment, underpinned by neural functioning.  Consequently, optimal functioning of these 
areas appears to be critical in resistance to overconsumption, in that effective decision-
making, response inhibition and working memory are necessary to enable resistance 
behaviours, which depend on their underlying neural structures (notably the PFC).  However, 
insufficient evidence exists to determine the direction of causation of the relationship.  It is 
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evident that chronic overconsumption (obesity), and to some extent acute overconsumption 
episodes, are associated with impairment in executive areas.  However, it is also apparent that 
reduced executive functioning may act in predisposing maladaptive decisions and behaviours 
around food intake, which promote overconsumption.  Therefore, it is possible that the 
relationship between overconsumption and executive functioning impairment is bidirectional 
and hence self-perpetuating (Smith, Hay et al. 2011).  Exploration of the mechanisms 
underlying impairment may help to shed light on this relationship, and may offer strategies 
for reducing executive impairment and improving resistance to overconsumption.   
 It is recognised that overconsumption and obesity, leading to excess white adipose 
tissue deposits, is associated with a chronic sub-acute state of inflammation throughout the 
body, affecting the intracellular environment through increased oxidative stress (see Cai and 
Liu 2012, McArdle, Finucane et al. 2013 for reviews).  Effects of overconsumption on 
inflammatory markers in the bloodstream can be observed after only four weeks (Åstrand, 
Carlsson et al. 2010), and evidence suggests that the brain may be more quickly susceptible 
to inflammation than the rest of the body (Maric, Woodside et al. 2014).  The brain has been 
shown to be a significant target for oxidative stress, partly due to its large oxygen uptake (Cai 
and Liu 2012), resulting in neuroinflammation.  Neuroinflammation is defined as 
neuroendocrine disturbances and neural dysregulation, and is particularly evident in the 
hypothalamus (see Cai and Liu 2011, Cai 2013), involved in energy regulation (Cone 2005), 
and prefrontal areas involved in executive function.  Supporting this, a body of evidence from 
animals demonstrates that overconsumption leading to dietary-induced obesity is associated 
with neuroinflammation and suppressed neurogenesis in the hypothalamus (McNay, Brian et 
al. 2012, Maric, Woodside et al. 2014), the hippocampus (Beilharz, Maniam et al. 2014) and 
the forebrain (frontal cortex) (Souza, Moreira et al. 2007, de Kloet, Pioquinto et al. 2014).  
Direct observation of neuroinflammatory deregulation within structures of interest is more 
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difficult in humans.  However, it is likely that these neural changes underlie the observed 
cognitive impairments, previously discussed, associated with overconsumption.  Therefore, 
neuroinflammation may be a key mechanism underlying executive function impairment 
observed in overconsumption.  Strategies to reduce neuroinflammation may be a useful 
approach in order to reduce impairment and subsequently improve functioning of neural 
resources aiding resistance to overconsumption.   
 
2.6  Improving executive functioning and resistance to overconsumption by reducing 
neuroinflammation: Weight loss and exercise  
 
As discussed above, a body of evidence has demonstrated that cognitive and executive 
functioning improvements are observed with weight loss.  Further evidence shows that 
weight loss, achieved through caloric restriction or bariatric surgery, is associated with 
decreases in inflammatory markers in the obese, indicating reduced oxidative stress 
(Capuron, Poitou et al. 2011, Buchowski, Hongu et al. 2012, Chae, Paik et al. 2013).  Similar 
results have been obtained from caloric restriction in animal studies (Woo, Shin et al. 2013, 
Grillo, Mulder et al. 2014).  Further research, however, suggests that caloric restriction 
combined with exercise may be more beneficial than caloric restriction alone (Gutierrez-
Lopez, Garcia-Sanchez et al. 2012, Woo, Shin et al. 2013), and even that exercise is able to 
reduce oxidative stress markers independently of weight loss (Samjoo, Safdar et al. 2013).  
Here, exercise is defined as planned physical activity for the purposes of improving fitness 
(Caspersen, Powell et al. 1985).  This suggests that exercise may be independently beneficial 
for reducing neuroinflammation, and therefore potentially aid in resistance to 
overconsumption without prior weight loss.  Research in this area has to date primarily been 
conducted on animals, which although less generalisable to exercise in humans, demonstrates 
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important proof of concept.  Studies have indicated that exercise decreases 
neuroinflammation in the hypothalamus (Yi, Al-Massadi et al. 2012), hippocampus (Neeper, 
Gomez-Pinilla et al. 1996, Abizaid, Liu et al. 2006, Head, Singh et al. 2012) and cortex 
(Gerecke, Kolobova et al. 2013).   
 Consistent with functioning of these neural areas, studies of exercise interventions in 
humans have demonstrated dose-response improvements in a range of executive functioning 
tasks (Smith, Blumenthal et al. 2010, Davis, Tomporowski et al. 2011), together with changes 
in neural activation during task performance, including increased PFC activity (Davis, 
Tomporowski et al. 2011, Krafft, Schwarz et al. 2013).  These effects may be mediated by 
aerobic fitness capacity (Szabo, McAuley et al. 2011, Holzschneider, Wolbers et al. 2012, 
Pedersen, Pedersen et al. 2012, Wu and Hillman 2013), although this link has not always 
been confirmed (Etnier, Nowell et al. 2006).   
Correlational evidence, although self-report, also supports a positive relationship 
between levels of habitual exercise or physical activity engagement and cognitive task 
performance, notably processing speed (Weuve, Kang et al. 2004, McAuley, Mullen et al. 
2011, Fulcher, Alosco et al. 2014, Liang, Matheson et al. 2014).  Together, these findings 
present a strong case for a role of exercise in promoting effective executive functioning, and 
therefore supporting resources for resistance to overconsumption (Joseph, Alonso-Alonso et 
al. 2011).   
 
2.7  Exercise and resistance to overconsumption  
 
It is possible that evidence demonstrating an association between habitual exercise and 
executive functioning capacity involves other factors that may also mediate a relationship 
between exercise and resistance to overconsumption, aside from the reported effects linked to 
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optimal brain function in executive areas.  Measurement of exercise-induced energy 
expenditure and total energy expenditure tend to be overlooked in research examining 
overconsumption.  Furthermore, research examining exercise-induced overconsumption for 
the purposes of energy balance shows that exercise often leads to weight loss that is less than 
that predicted by energy balance equations (Hopkins, Gibbons et al. 2014), and it is therefore 
deemed relatively inefficient for weight loss purposes.  However, exercise engagement  is 
associated with lower BMI (Miller, Lindeman et al. 1990, Field, Haines et al. 2010, Golubic, 
Ekelund et al. 2013, Hamer, Brunner et al. 2013, Hansen, Holme et al. 2013, Maher, Mire et 
al. 2013) and successful maintenance of weight loss (Wing and Hill 2001, Davison and Birch 
2004, Teixeira, Silva et al. 2010).  However, a number of factors may underpin this link, as 
exercise is known to have a variety of effects that may independently support resistance to 
overconsumption.  A primary outcome of exercise or physical activity is increasing energy 
expenditure.  This helps to foster an energy deficit, supporting energy balance regulation, 
itself a key component of resistance to overconsumption.  In addition, a short-term reduction 
in surplus energy within the system, including the brain, is associated with a reduction in 
factors associated with dysregulation across the blood-brain barrier (see Bruce-Keller, Keller 
et al. 2009, Chan, Yan et al. 2013 for reviews).  On a chronic basis, negative energy balance 
causes white adipose tissue stores to be reduced (Giordano, Smorlesi et al. 2014), associated 
with decreases in circulating leptin (Havel, Kasim-Karakas et al. 1996), which is associated 
with reductions in reward-driven overconsumption (Farooqi, Bullmore et al. 2007).  These 
findings suggest that an exercise-induced energy deficit may aid resources in resisting 
overconsumption, including optimal PFC function, supporting decision-making and eating 
behaviours associated with ongoing resistance.   
In addition, effects of exercise on appetite have been reported, which may 
independently affect resistance to overconsumption.  Acute bouts of exercise tend to suppress 
33 
 
appetite in the short term (Martins, Morgan et al. 2007, Kawano, Mineta et al. 2013), 
although this effect is not consistent (Stubbs, Sepp et al. 2002) and may not affect actual 
energy intake (Wasse, Sunderland et al. 2012).  On a more long-term basis, 12 weeks of 
supervised exercise has been shown to improve appetite control by increasing the satiety 
response to a meal (Martins, Robertson et al. 2008, King, Caudwell et al. 2009).  However, 
evidence shows individual differences in responses to exercise-induced energy deficit, 
probably driven by differences in eating behaviours (see Chaput and Sharma 2011, King, 
Horner et al. 2011 for reviews).  In particular, exercise may exert differential effects on 
reward related-responses.  Objectively, both acute bouts and chronic exercise interventions 
may affect reward responsivity, demonstrated by reduced neural response to high-fat foods in 
reward-related regions (Cornier, Melanson et al. 2012) in preference for low-fat foods 
(Crabtree, Chambers et al. 2014).  Furthermore, individuals who did not lose weight in 
response to an exercise-induced energy deficit, implying compensation through increased 
energy intake, showed increased wanting for high-fat foods (Finlayson, Caudwell et al. 
2011), associated with increased intake (Finlayson, Bryant et al. 2009).  Whether these 
changes may be the direct effect of exercise per se, or of the energy deficit, is unknown. 
 The factors underlying these individual differences in response have not been 
established.  However, links between higher dietary restraint (McLean, Barr et al. 2001, 
Teixeira, Silva et al. 2010), self control (Schroder and Schwarzer 2005, Wills, Isasi et al. 
2007, Junger and van Kampen 2010) and greater exercise engagement have been reported.  
Given that this evidence is correlational, the direction of causation is unclear, although there 
is likely to be a bidirectional effect of increased self control aiding exercise adherence, which 
in turn may act to preserve self control resources, both of which are likely to support 
resistance to overconsumption.    
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2.8  Conclusion and summary of gaps in knowledge 
 
To summarise, resistance to overconsumption could be crucial in understanding the aetiology 
of obesity and how to prevent it on an individual level, and may be instrumental in tackling 
obesity at a population level.  Individual differences are able to offer insights into the 
neuropsychological factors driving resistance.  It is established that resistance to 
overconsumption is associated with dietary restraint and self control, and negatively 
associated with dietary disinhibition and sensitivity to (food) reward.  These psychological 
constructs are underpinned by neurological functioning, which while beyond the direct scope 
of this thesis, presents an important theoretical basis for resistance to overconsumption.  
Notably, the potential for interaction between reward and control is demonstrated by 
communication between the neural structures underlying them.  Closer examination of 
neuropsychological function of key areas, particularly prefrontal areas associated with control 
and other ‘executive’ functions, allows deeper understanding of how individual differences in 
constructs driving resistance to overconsumption occur.  Importantly, it also allows the 
possibility of improving resistance to overconsumption through improving the function of 
neural resources associated with control, impacting food-related decisions and behaviours.  
Exercise has been identified as one of the most promising mechanisms for this, and also 
exerts independent effects on other factors promoting resistance to overconsumption.  Taken 
together, this body of research provides insights into the nature of resistance to 
overconsumption, and avenues for strengthening it within the obesogenic environment.   
However, significant gaps in current knowledge remain.  First, while 
neuropsychological theory suggests the possibility of interactions between psychological 
factors driving resistance to overconsumption within individuals, this has not been 
comprehensively explored, and so a direct effect of interaction, between reward sensitivity 
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and control resources for example, on overconsumption is not established.  It is also not clear 
under what circumstances such an interaction might play a role.  Secondly, while a link 
between reward sensitivity and overconsumption has been established, the nature of this link 
has not been fully explored.  It is not clear whether, in humans, overconsumption 
susceptibility is associated with global reward sensitivity, implicating dysfunction in the 
entire reward pathway, or whether sensitivity to reward associated with overconsumption is 
food-specific, as indicated by neural receptors for gut-derived appetite hormones (see Figure 
2.2).  It is necessary to establish the nature of the reward construct in order to design correctly 
targeted overconsumption interventions.  Thirdly, the direct potential of exercise to improve 
resistance to overconsumption has not been fully explored.  Clarifying the mechanisms by 
which exercise is able to impact resistance to overconsumption, both through improving the 
neural basis of psychological control resources, and associated behaviours, would enable it to 
be used more effectively to combat susceptibility to overconsumption in an adverse, 
obesogenic environment.  Research suggests that exercise should form a central role in 
obesity prevention, and further, that encouraging engagement in exercise in the obese may be 
an avenue to improve other health outcomes as well as to prevent further overconsumption.    
Two further areas to be addressed relate to the current measurement of 
overconsumption.  As discussed, overconsumption may be indicated either by food intake 
(commonly observed in the laboratory) or by body composition, indicating a history of 
chronic energy balance or excess.  In the literature, little consideration is given to the three 
different components of (resistance to) overconsumption, namely the magnitude of an eating 
episode and its timely termination, frequency of eating episodes, and food choice.  Typically, 
laboratory studies assessing overconsumption do not distinguish between these factors, and 
tend to focus on the first component only.  It is therefore not known whether the factors 
associated with overconsumption within an eating episode are the same as those associated 
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with overconsumption in terms of frequency of episodes, and to a lesser extent, with food 
choice.  Addressing this question would greatly add to knowledge around resistance to 
overconsumption in practice.  Another key issue relates to the study of individuals known to 
be susceptible or resistant to overconsumption, identified via changes in body composition.  
It is likely that psychological factors (e.g. self control) and physiological factors (e.g. energy 
excess resulting in neuroinflammation, leading to psychological impairment) interact in a 
bidirectional relationship to influence overconsumption.  Therefore, in the majority of studies 
comparing susceptible and resistant individuals, it is not possible to untangle the direction of 
causation of any effects reported.  Careful consideration needs to be given to experimental 
paradigms in order to fully elucidate the nature of relationships, in order to ascertain 
meaningful targets for intervention and most effectively promote resistance to 
overconsumption.   
 
2.9  Research questions identified 
 
 What is the nature of a relationship between reward sensitivity and overconsumption 
– does it reflect global reward systems, or food-specific reward only? (Addressed in 
Chapter 5) 
 What is the nature of an interaction between resources promoting resistance vs. 
susceptibility to overconsumption, and how is this affected by environmental stimuli 
that may prompt eating?  (Addressed in Chapter 6) 
 Are the factors associated with all components of behavioural resistance to 
overconsumption similar, or is there variation according to whether resistance is 
achieved through addressing eating episode termination, eating episode frequency or 
food choice? (Addressed in Chapter 7) 
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 Is it possible to elucidate whether the factors associated with acute overconsumption 
are affected by the products of chronic overconsumption (as indicated by body 
composition), and is an effect reversible?  (Addressed in Chapter 8) 
 Is it possible to use an exercise intervention to strengthen resistance to 
overconsumption indirectly, via targeted interventions to improve the functioning of 
neural substrates underlying resistance resources?  (Addressed in Chapter 9). 
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Chapter 3: Diet-induced obesity: When does consumption become 
overconsumption? 
 
Based on manuscript: Fay, S. H., Finlayson, G. S. and King, N. A. (2013).  Diet-induced 
obesity: When does consumption become overconsumption?  Current Obesity Reports, 2, 
104-106.  
 
3.1 Abstract 
 
Overconsumption is commonly implicated in the aetiology of obesity; however there is a lack 
of consensus on a definition and the most appropriate methodology for assessing it.  The aim 
of this communication is to highlight the need for theoretical consensus on the assessment of 
overconsumption, which may lead to improved methodological standards in obesity research.  
In laboratory studies, overconsumption is most frequently inferred from the comparison of 
food intake within or between individuals against a single control.  Measurement often relies 
on a single eating episode with limited consideration of preceding or subsequent intake.  An 
alternative approach is to consider food intake in the context of energy requirements, within 
an energy balance framework.  One such marker of chronic overconsumption is body weight. 
There is a need for agreement on the definition and measurement of overconsumption, so that 
its role in weight gain and obesity can be more precisely delineated.   
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3.2  Introduction: Relevance of overconsumption to obesity  
 
Overconsumption of food is a widely discussed phenomenon with reference to the aetiology 
of weight gain and obesity.  A positive energy balance driven by dietary overconsumption is 
thought largely to account for the marked increase in the prevalence of obesity (Swinburn, 
Sacks et al. 2009, Duffey and Popkin 2011, Levitsky and Pacanowski 2011). However, for a 
term so widely used in obesity research, the concept of overconsumption remains surprisingly 
ill-defined.  It is by definition a relative term; but relative to what?  At what point does 
‘consumption’ become ‘overconsumption’, and when is it significant and meaningful with 
respect to weight gain and obesity?   
Understanding the aetiology of obesity is vital for effective treatment and prevention.  
It is proposed that research examining factors in the aetiology of obesity, such as 
overconsumption, must do so within an energy balance framework (Hall, Heymsfield et al. 
2012).  It is agreed that when energy intake consistently exceeds expenditure, a positive 
energy balance and weight gain will occur; increased energy intake that is matched by 
increased energy expenditure, or a compensatory reduction in intake, will not.  Therefore, 
research into overconsumption must necessarily consider its relationship with energy 
requirements, even if it is posited that energy intake is the most potent driver of imbalance. 
 
3.3  Current assessment of overconsumption 
 
Currently, no formal scientific definition of overconsumption exists, and the methodologies 
used in studies that claim to measure overconsumption differ substantially.  Therefore, 
comparison between studies is difficult, and the role of overconsumption in the aetiology of 
obesity is obscured.   
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Overconsumption is commonly studied in experimental paradigms by comparing food 
intake between two independent groups of participants.  In this way, the lower energy intake 
is used as benchmark, against which significantly higher energy intake is often classed as 
‘overconsumption’. While a complete review of the literature is beyond the scope of this 
paper, several laboratory studies have used comparisons in this way to assess 
overconsumption.  For example, ad libitum food intake has been compared between 
participants identified as being high and low in sensitivity to food reward (e.g. Epstein, 
Temple et al. 2007), high and low in dietary restraint (e.g. Provencher, Polivy et al. 2009), 
disinhibition (e.g. Westenhoefer, Broeckmann et al. 1994) or self control (Guerrieri, 
Nederkoorn et al. 2007).  A related paradigm compares intake between-subjects or within-
subjects in a control condition with those subjected to an experimental manipulation, in order 
to determine its effects upon propensity to overconsume (e.g. McFarlane, Polivy et al. 1998, 
Coelho, Jansen et al. 2009, Fay and Finlayson 2011).   
While illustrative, these comparative approaches to assessing overconsumption pose 
several problems.  Although the laboratory environment allows high precision, unfamiliar 
conditions and possibly foods may provoke atypical eating behaviours (Hill, Rogers et al. 
1995), so that observation of a single episode of eating behaviour in the laboratory is not a 
guarantee that it is typical of the individual.  More importantly, high levels of individual 
differences in compensatory behaviours, habitual diet and activity-induced energy 
expenditure are likely to negate any sustained differences in caloric intake observed in a 
laboratory.   It can be argued that it is meaningless to compare absolute food consumption 
between subjects, as energy intake and expenditure are so highly variable between 
individuals.  Therefore, the preferred method of assessing overconsumption should be within 
the context of each individual, with reference to individual energy requirements.  However, 
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the issue of for how long consumption should be tracked in order to reveal meaningful 
changes remains to be addressed. 
 
3.4  What is an appropriate time period for determining overconsumption? 
 
Evidence has demonstrated that food consumption is also highly temporally variable within, 
as well as between, individuals (de Castro 1991, Ma, Olendzki et al. 2009).   A major issue in 
the prevailing measurement of overconsumption is that assessment of energy intake is often 
limited to a single eating episode, but that the reliability of these measures is rarely assessed 
(although see Keene and Hope 1997).  Examining food consumption on an ‘episode by 
episode’ basis may mirror how obesity can occur (‘It’s only one small piece of cake;’ ‘It’s 
only one extra glass of wine,’ etc.), if each episode is sufficiently repeated.  However, in 
terms of overall risk for obesity, it is clear that the frequency and magnitude of 
overconsumption episodes are fundamentally important.   
Moreover, an immediate limitation of relying on a single assessment is that there is 
often little or no consideration of the individual’s eating and activity behaviours outside the 
laboratory.  When considering risk factors for overweight and obesity, the key issue is 
therefore whether episodes of overconsumption are compensated for by subsequent 
behavioural adjustments.  Therefore, overconsumption as defined by a single eating episode 
is insufficient and invalid to classify a person as an ‘overconsumer’.  That is, a person may be 
at greater risk of weight gain, but it is not inevitable if the individual is able to regulate their 
eating or activity to compensate for episodic overconsumption.  Only a small number of 
studies to date have examined behavioural compensation for laboratory food intake (e.g. 
Wardle and Beales 1987, Chaput and Tremblay 2007). 
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Overall energy balance, including compensation for changes in energy intake or 
expenditure, can be observed only over a longer period (Stubbs, Sepp et al. 2002).  Therefore, 
when drawing conclusions of practical and clinical significance, instances of 
overconsumption relative to energy requirements must be examined on multiple occasions 
over a longer time period.  
 
3.5  Body weight and composition as markers of overconsumption 
 
In the context of chronic energy imbalance, a robust and objective marker of 
overconsumption is an increase in body weight. It is acknowledged that in the short term, 
body weight is influenced by hydration levels, and that weight changes conceal changes in 
body composition.  Increased body weight implies a chronic positive energy balance, which 
results from an excess of energy consumed relative to need (overconsumption).  However, 
simply tracking body weight or fat mass will conceal the acute episodic processes and 
mechanisms that cause overconsumption.  Further, body weight and composition are unlikely 
to alter measurably in response to single overconsumption episodes.  Therefore, while body 
weight is a useful indicator of overconsumption, it should be applied with caution.  
 
3.6  Overconsumption assessed relative to energy requirements 
 
As discussed, research is increasingly concluding that overconsumption and obesity must be 
considered within an energy balance framework (Hall, Heymsfield et al. 2012).  Only 
consumption that consistently exceeds energy requirements will lead to a positive energy 
balance, and for analysis of its role in the aetiology of weight gain, it is critical that food 
intake is considered in the context of individual energy requirements.   
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Currently, this approach is applied in very few contexts.  Overfeeding studies tend to 
consider total energy requirements when determining how much surplus energy to add to the 
habitual diet (e.g. Bouchard, Tremblay et al. 1990, Levine, Eberhardt et al. 1999).  Similarly, 
food consumed within a single eating episode may be considered as a proportion of total 
daily intake.  This approach is utilised by food manufacturers to indicate recommended 
serving sizes, which are based on a nominal percentage of the average adult’s daily energy 
intake requirements.  While this rough estimate may serve as a consumer guide, it is 
insufficient and invalid for the purposes of research into overconsumption; not least as it is 
based on a single-episode assessment and ignores issues of individual variability.  Further, 
the percentage required for consumption in a single session to be excessive (relative to energy 
requirement) is necessarily subject to a range of factors.  For example, if the food eaten 
comprises the main meal, it would be expected to contain a larger proportion of the day’s 
energy, whereas the same percentage of total energy intake extra-meal (i.e. as a snack) might 
indicate an excess.  These issues highlight the problem of assessing overconsumption within 
a single eating episode, and imposing a daily time-frame on total energy requirements.  
 
3.7  Conclusion 
 
In summary, while overconsumption is a relative term, it is only meaningful for obesity risk 
when considered relative to individual energy requirement.  Only food intake that 
consistently exceeds energy expenditure will foster a positive energy balance and lead to 
weight gain.  At present, surprisingly few laboratory studies of behavioural obesity research 
take these considerations into account in their design and interpretation.  A standardised 
methodological platform to measure overconsumption is required.  This would have 
important implications for clinical assessments.  While it is somewhat premature to 
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recommend a clearly defined platform for detecting overconsumption in a clinical setting, 
until such a platform is developed, the authors suggest that an individual’s energy 
expenditure is assessed as a standard against which measured food intake, over a minimum of 
one week and on multiple occasions, can be compared as a relative percentage.  
The issues raised here, together with the importance of the study of overconsumption 
in obesity research, suggest a need for further review and consensus on methodology.  An 
accurate and testable working definition of overconsumption is necessary in order to 
appropriately investigate its role in the aetiology of obesity.  Further research within the field 
should give adequate consideration to the reliability and reproducibility of measures of food 
intake, as well as the validity of any measure within the wider context of its role in energy 
balance and weight gain.  
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Chapter 4: Thesis Aims and Objectives 
 
 
4.1 Overall aim of thesis 
 
The thesis aimed to provide a working definition of overconsumption, previously lacking 
within the literature, and determine the nature of resistance to overconsumption.  In Chapter 
3, a definition of overconsumption was established as energy intake that exceeds energy 
requirements within a set time-period, which on a chronic basis leads to a positive energy 
balance and weight gain.  It was determined in Chapter 2 that there are three components to 
overconsumption: through excessive magnitude of an eating episode beyond homeostatic 
need; excessive frequency of eating episodes in the absence of metabolic need; and choice 
and consumption of foods that are excessively energy-dense.  Resistance to overconsumption 
may therefore be achieved by addressing one or more of these components.   
The thesis aimed to identify, through an original programme of research, the 
biopsychological factors associated with resistance to overconsumption in its different forms.  
Through this, it aimed to investigate the relationship of predictors of acute overconsumption 
to overconsumption on a chronic basis, and therefore to determine predictors of individual 
differences in risk factors for obesity in the obesogenic environment.   
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4.2  Objectives of research studies  
 
These aims were addressed through five experimental studies conducted on three separate 
participant samples.  The first repeated-measures design sample (measures from two 
measurement days described in Chapters 5, 6 and 7) was cross-sectional.  The studies aimed 
to identify relationships within a cohort that related to resistance to two components of acute 
overconsumption: overconsumption within an eating episode, and frequency of initiation of 
eating episodes.  This cross-sectional design presented an opportunity to explore the range 
and utility of relevant psychological and behavioural measures and determine the candidate 
psychological variables to be included in subsequent studies.   
 The second experimental sample (Chapter 8) consisted of an independent groups 
design, in order to investigate whether associations between psychological factors implicated 
in acute overconsumption in the preceding studies would be replicated in groups known to 
differ in overconsumption susceptibility, and whether these factors would also be associated 
with indicators of chronic overconsumption.  In order to separate the effects of body 
composition state from psychological correlates of overconsumption, three groups were 
compared, differing according to current body composition and psychological 
overconsumption susceptibility.  This study also investigated factors implicated in resistance 
to overconsumption through food choice.   
 The third sample design (Chapter 9) used a four-week exercise intervention to assess 
changes in psychological variables implicated in overconsumption, addressing the possibility 
of enabling improved resistance to overconsumption by improving neurobiological 
functioning.  It also examined the role of psychological factors in a further context of 
overconsumption, that of implied changes in eating behaviours in response to an exercise-
induced energy deficit. 
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Each study addressed specific objectives relating to the research questions identified 
in Chapter 2.   
 
4.2.1  Chapter 5 study objective (Research Question 1) 
 To determine the nature of the relationship between overconsumption and sensitivity 
to reward in a cross-sectional sample, by examining relationships between 
overconsumption of snack food and subtypes of reward identified in the literature: 
sensitivity to food reward, sensitivity to global reward, and sensitivity to monetary 
reward.  
 
4.2.2  Chapter 6 study objectives (Research Question 2) 
 To determine the relative predictive strength of self control, sensitivity to food reward 
and eating behaviour traits (restraint and disinhibition) to snack intake in a cross-
sectional sample and to identify any interactions between these variables  
 To determine the contribution of these factors to intake in different laboratory-based 
external conditions: when exposed to appetising food advertisements (obesogenic 
environmental features) compared with neutral advertisements. 
 
4.2.3   Chapter 7 study objectives (Research Question 3) 
 To determine whether predictors of overconsumption within an eating episode are the 
same as predictors of overconsumption defined as volitionally initiating an eating 
episode when satiated  
 To examine gender differences in the influence of these factors. 
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4.2.4  Chapter 8 study objectives (Research Questions 3 and 4) 
 To determine whether previously established relationships between psychological 
variables (notably eating behaviour traits, sensitivity to reward and self control) and 
overconsumption play a role in overconsumption through food choice  
 To determine the role of these variables in chronic overconsumption, by examining 
differences between groups known to be susceptible and resistant to 
overconsumption, while controlling for body composition  
 To investigate neuropsychological functioning, indicative of a possible neural basis of 
self control in executive functioning ability (notably response inhibition, working 
memory, decision-making and task-switching) and to determine the role of executive 
functioning in acute and chronic overconsumption.  
 
4.2.5  Chapter 9 study objectives (Research Question 5) 
 To investigate whether neuropsychological functioning, and dependent psychological 
factors, associated with overconsumption would be able to be modified through an 
exercise intervention  
 To determine whether psychological factors predict overconsumption in response to 
an exercise-induced energy deficit.  
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Chapter 5: The relationship between overconsumption and reward 
sensitivity: Global or food-specific reward 
 
 
5.1 Overview 
 
Heightened sensitivity to reward is theorised as a key driver of overconsumption 
susceptibility.  However, it is not clear from previous research whether overconsumption is 
associated with global reward sensitivity, or sensitivity to food reward specifically.  To 
clarify the nature of the relationship between overconsumption and subtypes of reward 
sensitivity, snack food intake was assessed together with three measures of reward: food-
specific (the Leeds Food Preference Questionnaire; LFPQ), monetary (Card Arranging 
Reward Responsivity Objective Test; CARROT) and global (Behavioural Activation Scales; 
BAS) reward sensitivity.  Overconsumption of chocolate snack food was assessed in fifty 
adults.  It was hypothesised that there would be a positive correlation between reward 
sensitivity of at least one of these measures and snack intake, and that measures of reward 
sensitivity would be positively intercorrelated.  Results from this chapter may clarify the 
nature of the role of reward sensitivity in overconsumption, and informed measures included 
in subsequent experiments in the thesis.   
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5.2  Introduction 
 
A key driver of overconsumption of palatable, energy-dense foods is theorised to be 
heightened sensitivity to the rewarding properties of such foods.  Gray and McNaughton’s 
(2000) revised reinforcement sensitivity theory (r-RST) proposes that there are individual 
differences in neural reactivity to natural reinforcers, such as energy-dense food, and that 
individuals with more responsive brain reward systems are more likely to engage in 
behaviours leading to obtaining those reinforcers (Dawe and Loxton 2004).  This is described 
by a ‘behavioural approach system’ (BAS; Gray and McNaughton 2000) and is assumed to 
mediate responses to all appetitive stimuli (Matton, Goossens et al. 2013) via common 
dopaminergic brain pathways.   
In accordance with this, there is evidence to support a relationship between elevated 
sensitivity to reward, as measured with self-report scales based on Gray and McNaughton’s 
(2000) r-RST, and overconsumption (Davis, Strachan et al. 2004) and obesity (Franken and 
Muris 2005, Davis, Patte et al. 2007).  However, more recent work suggests that a quadratic 
relationship exists, such that overconsumption is initially associated with higher reward 
sensitivity, but that weight gain and obesity lead to a decrease in neural reward response due 
to a decrease in dopamine receptor availability (Davis and Fox 2008, Stice, Spoor et al. 2009, 
Stice, Yokum et al. 2011).  Several imaging studies have confirmed an overlap between self-
reported, global reward sensitivity and food-related responding.  Beaver et al. (2006) found a 
correlation between self-reported reward sensitivity and activity in reward-related areas of the 
brain in response to images of palatable foods.  Stice et al. (2011) found that adolescents with 
a greater familial risk of obesity compared with those not at risk showed heightened 
responsivity in reward-related brain regions not only to the prospect of palatable foods, but 
also to monetary reward, suggesting that both forms of reward depend on a common neural 
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system.  In addition, Pagoto et al. (2006) presented data showing that obesity was associated 
with lower engagement in a range of rewarding behaviours (e.g. wearing nice clothes, 
planning trips, meeting new friends), suggesting the expression of diminished general reward 
sensitivity in general.   
However, the presence of targeted hormones to modulate the rewarding value of food, 
notably ghrelin and leptin (Figlewicz and Sipols 2010), suggests that food reward may 
involve unique systems that are not present in all reward approach behaviours.  The extent of 
the generalisabiltiy of the brain’s central dopaminergic reward systems has not been 
conclusively decided (Stephens, Duka et al. 2010), and it is not entirely clear whether 
overconsumption is definitively associated with global sensitivity to reward.  That is, whether 
heightened responsiveness to a range of rewarding stimuli may pose a risk for 
overconsumption, compared with sensitivity to reward gained from consuming palatable 
foods.  Further research using a behavioural measure of food reward, an operant reinforcing 
value of food (RRV) task, has found an inconsistent relationship with self-reported reward 
sensitivity.  One study reported a correlation between responding for food and 
observationally-reported reward in children (Rollins, Loken et al. 2014); however, others 
have found that greater motivation for food reward, but not other pleasurable activities, was 
associated with overconsumption and overweight (Epstein, Lin et al. 2012).  Enhanced food 
reward experienced beyond reward from other activities may most accurately predict 
overconsumption (Epstein, Carr et al. 2011).   
This study aimed to investigate whether a relationship between reward sensitivity and 
overconsumption would be observed in the context of snack foods, and specifically, to clarify 
whether food intake would be associated with reward sensitivity in general or sensitivity for 
food-specific reward only.  Results from this study informed measures used in subsequent 
experiments.  In order to examine the relationship between overconsumption and subtypes of 
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reward sensitivity, the correspondence of snack food intake to these factors was assessed 
together with three measures of sensitivity to reward: one examining food-specific reward 
sensitivity, one examining sensitivity to global reward, and one examining monetary reward.  
It was hypothesised that: 
 Greater intake of chocolate snack foods would be associated with greater 
sensitivity to reward  
 Measures of reward sensitivity would be positively intercorrelated 
 Sensitivity to food reward would be a stronger predictor of snack food intake than 
non-food-specific reward sensitivity.   
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5.3  Methods 
 
5.3.1  Participants  
 
Fifty adults (56% female) completed two individual test sessions in the Human Appetite 
Research Centre.  The sample had a mean age of 34.5 years (SD = 12.9, range 20-64 years) 
and a mean BMI of 23.9 kg/m2 (SD = 3.1, range 17.3 – 32.6 kg/m2).  Participants were 
recruited from the staff and student population of the Queensland University of Technology 
and surrounding areas via email and local media for a study investigating ‘taste perceptions 
of chocolate snack food’.  All participants were screened for history of eating disorders, food 
allergies and willingness to eat chocolate snack foods.  Current dieters, participants allergic to 
ingredients in the chocolate snack food, on medication affecting appetite, or who were 
pregnant or lactating were excluded.  Vegetarians were also excluded due to the presentation 
of food photographs containing meat within the food-specific reward measure.  Research was 
approved by the university Human Research Ethics Committee.    
 
5.3.2  Measures  
 
5.3.2.1  Behavioural Inhibition System and Behavioural Activation System (BIS-BAS) Scales 
The BAS subscale of the BIS-BAS Scales (Carver and White 1994) was used to measure 
global self-reported reward sensitivity, in the form of appetitive motivational processes 
according to Gray and McNaughton’s (2000) r-RST of sensitivity to reward.   The BAS scale 
comprises three subscales: reward responsiveness, which is conceptualised as positive 
responses to reward anticipation; fun seeking, which reflects desire to approach new rewards; 
and drive, which is the pursuit of desired goals (Carver and White 1994).  The scales consist 
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of a 24-item questionnaire with a 4-option response format (Very false for me, Somewhat 
false for me, Somewhat true for me, Very true for me), with a higher score representing 
greater sensitivity to reward.  They have been found to have a robust factor structure and 
good validity and reliability (Jorm et al., 1998; Poythress et al., 2008).  The BIS scale was not 
included in analysis as it fell outside the scope of the research question.  See Appendix A 
(page 241) for the full scale.   
 
5.3.2.2  Leeds Food Preference Questionnaire (LFPQ) 
The LFPQ (Finlayson, King et al. 2007) was used to measure sensitivity to food reward.  It 
measures explicit and implicit reward sensitivity of foods varying according to taste and fat 
content (food categories being high-fat sweet, HFSw; high-fat savoury, HFSa; low-fat sweet, 
LFSw; and low-fat savoury, LFSa).  Each of the four food categories contains four 
photographs of foods presented to the participants in turn.  Explicit liking and explicit 
wanting of each food were assessed via 100-mm visual analogue scales (VAS) with the 
questions ‘How pleasant would it be to taste / How much do you want to eat this food right 
now?’ word anchored at each end (‘Not at all’ and ‘Extremely’).  The liking component was 
not included for analysis here.  Scores ranged from 1 (‘Not at all’) to 100 ‘(Extremely’), with 
a higher score representing greater wanting.  Implicit wanting was assessed via a forced-
choice paradigm.  Participants were presented simultaneously with two photographs of foods 
from different categories (e.g., HFSw and LFSw) and were required to press a key as quickly 
as possible to indicate which food they most wanted to eat at that moment (assuming they 
were free to consume as little or as much as they wish).  This was repeated until all food 
photograph pairs had been presented, and wanting for each food category was calculated 
from the frequency-weighted reaction time of choices so that a higher score represented 
greater implicit wanting.  Following Dalton et al. (2013), parameters were set as 96 
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randomised food pair trials presented in three blocks, with each stimulus appearing 8 times.  
Stimuli were presented until a valid response was detected up to a maximum of 4000ms, with 
a 500ms washout between presentations in which a central fixation cross was displayed.  
Mean response times for choices away from each food category, adjusted for choice 
frequency, were subtracted from response times for choices towards each category, also 
adjusted for frequency.  Sensitivity to food reward scores were derived from the high-fat 
sweet foods (HFSw) category only, in relation to each of the other categories, to ensure 
consistency with the test food.  The LFPQ has been shown to have good validity in 
replicating the transfer effect of sensory specific satiety and reinforcing value of food 
(Griffioen-Roose, Finlayson et al. 2010) and demonstrates reliable post-meal changes that 
predict subsequent food choice and intake (Finlayson, King et al. 2008).  See Appendix A 
(page 256) for task instructions and Appendix B (page 270) for photographic stimuli.   
 
5.3.2.3  Card Arranging Reward Responsivity Objective Test (CARROT) 
The CARROT (Powell, al-Adawi et al. 1996) was used to assess sensitivity to monetary 
reward.  It is a behavioural measure of reward sensitivity presented as a card-sorting game, 
measuring the extent to which card-sorting speed increases when financially rewarded.  
Participants were instructed to sort a series of cards that display five digits into one of three 
piles, based on whether each card contains a 1, 2 or 3 amongst the other four, filler, digits.  
This was repeated over four trials; on one of the trials, participants receive a small sum of 
money for every five cards correctly sorted.  The task was initially developed to be 
administered manually; a computerised version of the CARROT was developed for this 
experiment.   Operation of the computerised version was assessed via pilot work (n= 10); 
during piloting, adjustments were made to the instructions and presentation of the task, 
notably to include visual cues and sound effects.  Cards and sorting piles were displayed on a 
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screen and participants were instructed to click on the relevant ‘pile’ in order to sort the card 
into it.  Trial 1 consisted of sorting 60 cards as quickly as possible, with the sorting time used 
as the time limit in subsequent trials. For the third, rewarded, trial, participants were 
instructed that they would receive 50 cents for every five correctly sorted cards, and a counter 
was displayed on the left hand side of the screen.  Every time the participant sorted five cards 
correctly, the counter added 50 cents and a cash register noise sounded.  Participants were 
made aware that they would receive the amount of money earned in this task at the end of the 
experiment.  Sensitivity to reward was calculated as the number of cards sorted in the 
rewarded trial minus the mean of the two unrewarded trials before and after it.  Change 
scores were also calculated in this way, but represented by positive values only.  The manual 
version of the CARROT has been shown to have good discriminative validity in deprived 
smokers (Al-Adawi and Powell 1997), and is sensitive to genetic dopaminergic differences 
(White, Lawford et al. 2009).  See Appendix A (page 257) for task instructions.   
 
5.3.2.4  Test food  
Overconsumption was assessed via intake of a chocolate snack food using a taste test 
paradigm.  The primary purpose of this paradigm was as a cover story, to provide participants 
with a plausible reason to eat in an artificial laboratory environment.  The snack food chosen 
was Maltesers (Mars) as it is widely available and likely to be familiar to the participants, 
highly palatable, and amorphous, which hinders monitoring of consumption (Geier, Wansink 
et al. 2012).   One hundred and fifty-five grams (777.4 kcal) of Maltesers to the nearest 
Malteser (the size of a snack bag) was presented in a white ceramic bowl in the form of a 
taste test.  Participants were instructed that they had 10 minutes to complete a series of 
sensory ratings.  All ratings and instructions were computerised and automatically 
administered without interference from the experimenter for the duration of the taste test.  
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The program started with a rating of subjective appetite (see Chapter 6) using computerised 
visual analogue scales (VAS) word anchored at each end (‘Not at all’ and ‘Extremely’).  
Participants were required to answer a series of questions by using the mouse to place a 
vertical mark somewhere on the 100-point continuous horizontal scale.  The first sensory 
question was ‘How much do you like the smell of this food?’.  The program then prompted 
the participant to take one mouthful of the test food.  Palatability was assessed with the 
question ‘How much do you like the taste and feel of this food in your mouth?’.  Participants 
were then required to complete further VAS ratings on the sweetness, creaminess, bitterness, 
saltiness, crunchiness, maltiness, nuttiness, desirability, graininess, blandness, chewiness, 
reward, intensity, complexity and sickliness of the test food.  The final instruction was to 
record any thoughts on the sensory characteristics of the food in the time remaining.  Sensory 
ratings and perceptions were not used for analysis.  Participants were advised to take their 
time over the ratings, that they might eat as much food as they wished in order to produce the 
most accurate possible ratings, and that any leftover food would be thrown away after the 
session.  The amount of food consumed was calculated by weighing the food before and after 
the taste test, and the amount eaten calculated using the manufacturer’s nutrient values.    
 
5.3.3. Design 
 
The measures included in this chapter formed part of a larger repeated measures experimental 
design (see Chapter 6 for a description of the repeated measures element and Appendix C 
(page 276) for the full experimental design).  According to this design, the BAS and the 
LFPQ were administered once and the CARROT twice (denoted by Session 1 and Session 2).  
Sample size was determined according to parameters described in Chapter 6 (see section 
6.3.5).   
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5.3.4  Procedure  
 
An online questionnaire containing the BIS-BAS Scales and screening questions was 
administered before participants came into the laboratory.  Participants were tested 
individually within the Human Appetite Research Centre.  To standardise hunger levels, they 
were required to have abstained from eating and drinking anything except water for at least 
three hours prior to each laboratory visit, and compliance was assessed on arrival via self-
report.  This period of fasting was chosen as pilot work indicated snacks tended to be 
consumed around three hours following the previous meal.  The start time of the session was 
chosen by the participant, with the condition that it must be at least three hours since the last 
meal.  Therefore, although the between-participant start time varied, the time since the 
previous meal was fixed at three hours.  Participants completed the LFPQ and the CARROT 
in the laboratory, followed by the measure of snack food intake.  Subjective appetite 
sensations were measured at intervals (data not presented here; see Chapter 6) and a video 
was also presented in separate conditions (see Chapter 6 and Appendix C (page 276) for a 
schematic diagram of the full procedure).  Finally, at the end of the second session, height in 
centimetres was measured via a stadiometer and weight in kilograms measured via an 
electronic scale.  A debriefing questionnaire was administered at the end of the final session 
that included questions regarding adherence to the study conditions, intention to compensate 
for food intake during the session and awareness of study aims.   See Figure 5.1 for an 
overview of the measures described in this chapter, and Appendix C (page 276) for the full 
experimental procedure with measures described in Chapters 5-7.   
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Figure 5.1:  Schematic overview of test sessions 
Note: BIS-BAS = Behavioural Inhibition System –Behavioural Activation System Scales; 
VAS = visual analogue scale; CARROT = Card Arranging Reward Responsivity Objective 
Test; LFPQ = Leeds Food Preference Questionnaire.  All measures were administered in a 
fixed order.  Height and weight were measured and a post-participation questionnaire was 
given at the end of the second test session.  There was an interval of at least one week 
between each of the laboratory sessions, and after the online measures.   
 
 
 
 
Online measures  
General 
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BIS-BAS 
Laboratory test sessions (repeated measures) 
VAS LFPQ (food cue 
condition only)  
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5.3.5  Data analysis 
 
Snack intake across the two test sessions was averaged to produce a mean value of 
overconsumption.  Inspection of the CARROT data resulted in four outliers (+/- 2SD) being 
removed from each session.  Relationships between each of the measures of reward 
sensitivity (global, monetary and food reward sensitivity), and between reward sensitivity and 
snack food intake, were assessed via Pearson’s correlations.  All data were analysed using 
SPSS version 21.0 (IBM, Chicago).  A criterion of p < .05 was used to indicate statistical 
significance.   
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5.4  Results 
 
5.4.1  Global reward sensitivity  
 
Mean snack food intake was 201.2 (SD 177.1) kcal.  None of the BAS subscales was 
correlated with mean snack food intake (BAS reward responsiveness r = -.05, BAS fun 
seeking r = .01, BAS drive r = -.02, all p > .05).  See Appendix D (page 277) for subscale 
intercorrelations.   
There was no relationship between any of the BAS subscales and either implicit or 
explicit food reward sensitivity of the LFPQ, except for a negative, rather than positive, 
correlation between implicit wanting and BAS fun seeking (r = -.46, p = .001).  There was a 
trend towards a relationship between implicit wanting for HFSw foods and BAS reward 
sensitivity (r = -.26, p = .07).  See Appendix D (page 277) for scale properties and subscale 
intercorrelations.  
 
5.4.2  Food reward sensitivity  
 
Mean snack intake was positively correlated with explicit (r = .58, p < .001), and implicit 
wanting for HFSw foods (r = .32, p = .02).  See Appendix F (page 283) for correlations 
between explicit and implicit wanting.   
 
5.4.3  Monetary reward sensitivity   
 
The average numbers of cards correctly sorted within the self-determined time-frame at both 
test sessions are presented in Table 5.1.  CARROT scores were consistent between each of 
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the test sessions, although a shorter mean time taken to sort the cards in Block 1 in the second 
session compared to the first indicates that participants’ sorting speed increased slightly from 
the first session.  The range in CARROT scores was also smaller in the second session (-5.5 
to + 5.0) than the first (-11 to +9.0).  Contrary to expectations, half of the sample (n = 25 in 
each test session) showed a decreased, rather than increased, sorting speed when rewarded 
compared with unrewarded trials.  Therefore, change scores (difference between rewarded 
and unrewarded trials, as CARROT scores but represented as positive values) were also used 
in order to further investigate relationships between the CARROT, other measures of reward 
sensitivity and food intake (Mchange session 1 = 3.17, SD = 2.75; Mchange session 2 = 1.95, 
SD = 1.53).   CARROT scores between sessions 1 and 2 were not significantly correlated (r = 
-.12, p = .45).  There was a negative correlation between change scores at both sessions (r = -
.33, p = .03).   
 
Table 5.1:  Mean (standard deviation) CARROT scores and cards correctly sorted for each 
test session 
 
 Block 1 time 
(seconds) 
Block 2 Block 3 
(rewarded) 
Block 4 Rewards 
earned 
CARROT 
score 
 M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) 
Session 1 63.15 (10.68) 67 (5) 65 (5) 64 (5) 13 (1) -.57 (4.61) 
Session 2 56.59 (12.75) 64 (3) 61 (3) 59 (4) 12 (1) -.60 (2.42) 
 
 CARROT scores and change scores were not significantly related to BAS scores or 
implicit or explicit wanting (correlation coefficients ranged from -0.21 to +0.10, all p > .05) 
with the exception of CARROT scores at Session 1, which were inversely related to implicit 
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wanting for HFSw foods (greater effect of monetary reward associated with a longer reaction 
time for food choice; r = .44, p = .002).  No CARROT or change score was related to mean 
food intake (correlation coefficients ranged from -0.02 to +0.17, all p > .05).  
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5.5  Discussion 
 
This study aimed to investigate a relationship between overconsumption, as measured in a 
taste test paradigm, and reward sensitivity.  The hypothesis that measures of reward 
sensitivity would be positively correlated was not supported.  Little relationship between the 
three measures was observed, with the exception of an inverse relationship between one BAS 
subscale, fun-seeking, and implicit food wanting.  This finding was unexpected.  It is possible 
that fun-seeking reflects a more hedonic tendency, which is dissociated from the motivational 
component of reward (Berridge and Robinson 2003).  However, the extent to which the two 
sub-measures in question are representative of these wider constructs has not been 
definitively established, and should be confirmed to ensure the correlation is not spurious.    
The overall absence of relationships between measures of reward is surprising, given 
that all measures are argued to tap into the same construct of reward sensitivity.  The lack of 
association between measures may reflect inconsistencies between self-report and 
behavioural paradigms, which have been previously reported amongst measurements of 
impulsivity (Reynolds, Ortengren et al. 2006), which has variously been conceptualised to 
include reward sensitivity (e.g. Torrubia, Ávila et al. 2001), especially within obesity 
research (Mobbs, Crépin et al. 2010, van den Berg, Pieterse et al. 2011, Schag, Schönleber et 
al. 2013).  It is therefore possible that inconsistencies reflect differences between trait 
(assessed with self-report) and state (assessed with behavioural) components.  The question 
of specificity and consistency of reward measures using both self-report and behavioural 
paradigms within the same sample does not appear to have been previously addressed within 
the literature, so this possibility remains open.  
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It was also hypothesised that sensitivity to food reward in particular would be more 
strongly associated with elevated food intake than a more generalised measure of reward 
sensitivity.  Accordingly, the only consistent relationship between food intake and reward 
sensitivity was detected using the food-specific reward sensitivity measure, the LFPQ, where 
intake was correlated with both explicit and implicit wanting for high-fat sweet foods.  These 
results suggest that only the measure of food-specific reward sensitivity was of sufficient 
salience to show an association with overconsumption.  However, some relationship between 
food intake and self-reported global reward sensitivity was expected.  The observed absence 
of a relationship is contrary to the  findings of previous studies (e.g. Davis 2009).  It is 
possible that this departure from previous research reflects diversity within the present 
participant sample, especially given that many previous studies have tended to use female 
participants only (e.g. Franken and Muris 2005, Stice, Yokum et al. 2010, Hollmann, 
Hellrung et al. 2011, Dalton, Blundell et al. 2013, Luo, Romero et al. 2013).  Alternatively, 
results may provide preliminary evidence reflecting a slight distinction between food reward 
responsiveness and global reward sensitivity.  It has been argued that reward is a diverse 
construct, with somewhat loose relationships between different aspects (Stephens, Duka et al. 
2010).  The identification of several distinct neural reward pathways and projections (Koob 
1992) provides some support for this theory.  It is therefore plausible that global reward 
sensitivity may not be as strongly related to food intake as a more specific measure, 
especially at the levels of statistical significance of the current sample.   
Regarding specificity of reward sensitivity, it is logical that overconsumption of food 
would be more strongly associated with food reward sensitivity rather than sensitivity to 
monetary reward, especially since food is a primary reinforcer, unlike monetary gain 
(Herrnstein 1964).  However, conclusions about a relationship between overconsumption and 
monetary reward may be tempered by concerns about the operation of the monetary reward 
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sensitivity measure, the CARROT.  Large inter-individual variability in task performance 
was observed, but this variability did not correlate in the expected direction with other 
measures.  The inverse correlation between one CARROT score and implicit wanting was 
counter-intuitive, and furthermore, was not replicated by CARROT scores at the second 
session.  The absence of correlations between scores across both test sessions further suggests 
that the association between one CARROT score and implicit wanting may have been 
spurious.  Moreover, unlike previous research using the manual version of the CARROT (e.g. 
Al-Adawi and Powell 1997), there was no consistent effect of financial reward on increasing 
card-sorting speed, although research also suggests that reinforcement may produce 
individual differences in sorting speed according to genotype (White, Morris et al. 2008).  
The reason for this discrepancy is unclear, although possibly may have been linked to 
motivational differences in the present sample, who self-selected on the basis of receiving an 
advertised chocolate snack food taste test.  The fact that a large proportion of participants 
sorted cards more slowly, rather than more quickly, when rewarded may suggest the presence 
of additional cognitive processing in the rewarded block.  It is not possible to rule out the 
prospect that increased motivation to sort cards quickly may have impeded, rather than 
enhanced, card-sorting ability.  The computerised method may have played a role in this.  
Compared with previously used manual versions (e.g. Powell, al-Adawi et al. 1996, White, 
Morris et al. 2008), the computerised version of the CARROT enabled much faster sorting 
times, which may have resulted in a ceiling effect that was not able to be enhanced by 
increased motivation as with the manual version.  Within the literature, only one study was 
found to employ a computerised version of the CARROT (Morgan, Impallomeni et al. 2005), 
although values were not reported, preventing comparison with the present study.  However, 
research into manual versus computerised versions of other tasks notes that significant 
differences can be apparent (Overman and Pierce 2013).  
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The use of a single-episode taste test paradigm to assess overconsumption is a useful 
way to compare potential differences between individuals in a standardised food intake 
setting, which was the focus of this study.  Whilst it cannot be assumed that eating behaviour 
in an artificial laboratory setting is representative of the individual’s behaviour in the free-
living environment, it allows individual differences in the drivers of eating behaviour to be 
analysed in a controlled setting.  However, caution must be exercised in extrapolating these 
findings to chronic overconsumption.   
In conclusion, the present data suggest that overconsumption is most reliably 
associated with sensitivity to the rewarding properties of palatable foods, rather than 
heightened global sensitivity to reward from a range of stimuli.  However, care is needed 
when drawing conclusions about the relationship between overconsumption and sensitivity to 
monetary reward due to concerns with task operation.  This area requires further investigation 
in order to refine instruments to more precisely elucidate the boundaries of food reward 
sensitivity and its relationship with overconsumption.  On the basis of these data, subsequent 
studies in this thesis will investigate the role of food-specific reward only in relation to 
resistance to overconsumption.   
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Chapter 6: Inhibitory self control and sensitivity to food reward as 
predictors of snack intake with and without food cue exposure 
 
Based on the manuscript: Fay, S. H., White, M. J., Finlayson, G. S. and King, N. A. 
(submitted for publication).  Interaction between food cue exposure and psychological 
predictors of snack food intake.  Health Psychology.  
 
 
6.1 Overview 
 
Snack food exposure and advertising are believed to create an obesogenic environment by 
promoting overconsumption.  However, intake is subject to individual differences in 
psychological traits, notably inhibitory self control and food reward sensitivity.  It is unclear 
how these traits may interact with environmental food cues to determine overconsumption.  It 
was hypothesised that food reward sensitivity would be positively and inhibitory control 
would be negatively correlated with overconsumption, and that these relationships might be 
altered by aspects of the obesogenic environment, notably food cues.  To investigate the 
relative strength of predictor variables, fifty adults completed a chocolate snack taste test 
after viewing appetising food adverts with the snack present (food cue condition), or non-
food adverts without the snack (neutral condition), in counterbalanced order.  Results may 
begin to uncover a potential mechanism for how aspects of the obesogenic environment, 
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notably food cues, prompt overconsumption, and to demonstrate how resistance to 
overconsumption is managed in this environment.   
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6.2 Introduction 
 
It is proposed that our current environment, with its abundance of energy-dense, palatable 
food and food cues, such as adverts, is obesogenic; it promotes overconsumption (Martin and 
Davidson 2014).  Frequent consumption of palatable snack foods high in fat, sugar or salt, 
has been particularly implicated in the current obesity epidemic (Berteus Forslund, Torgerson 
et al. 2005, Miller, Benelam et al. 2013, la Fleur, Luijendijk et al. 2014).  Increased exposure 
to such foods and advertising is often cited as influential (see Hetherington 2007, Small 2009 
for reviews), although while increased television viewing has been linked with rising obesity 
(Gortmaker, Must et al. 1996), a specific relationship with food advertising remains unclear 
(Gregori, Ballali et al. 2014, Lee, Kim et al. 2014).  Moreover, the potential mechanisms for 
an effect of exposure to food advertising and other food cues on overconsumption are 
unclear.  Within any population there is wide variability in obesity levels, indicating that a 
proportion of individuals are resistant to overconsumption and weight gain despite living in 
the same environment.   
Overconsumption depends on behaviours, and as such is driven by psychological and 
cognitive factors, especially where intake exceeds energy requirements (Blundell and Gillett 
2001).  One of the most important psychological factors promoting overconsumption beyond 
homeostatic need is sensitivity to food reward (Small 2009, Rolls 2011).  Sensitivity to food 
reward is expressed through hedonic response: liking, and primarily wanting, for sensory or 
nutritional properties of food (Finlayson, King et al. 2007).  Evidence shows a link between 
greater sensitivity to food reward and both overconsumption and elevated body mass index 
(BMI), an indicator of chronic overconsumption (Davis, Strachan et al. 2004, Franken and 
Muris 2005, Mobbs, Crépin et al. 2010, Epstein, Carr et al. 2011); particularly of sweet, 
energy-dense foods (e.g. Epstein, Carr et al. 2011).  Moreover, responsivity of neural reward 
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pathways to food stimuli has been shown to differ between lean and overweight/obese 
individuals (Rothemund, Preuschhof et al. 2007, Stice, Spoor et al. 2008, Stoeckel, Weller et 
al. 2008, Dimitropoulos, Tkach et al. 2012, Luo, Romero et al. 2013).  A trait related to food 
reward sensitivity food reward is disinhibited eating.  This refers to a tendency to overeat 
opportunistically (Bryant, King et al. 2008), and as such has been found to be associated with 
overconsumption and adipose tissue accumulation (Hays and Roberts 2007, Savage, Hoffman 
et al. 2009, Finlayson, Cecil et al. 2012).  
Resisting reward-driven impulses to overconsume within the obesogenic 
environment, however, may be a more active process involving control resources.  
Intuitively, it would seem that constant exposure to palatable foods and food cues requires 
cognitive restraint over intake, in order to avoid overconsumption and weight gain.  
Accordingly, dietary restraint, the tendency to restrict food intake for purposes of weight 
control, is associated with lower BMI and maintained weight loss (Delahanty, Meigs et al. 
2002, DelParigi, Chen et al. 2006).  Dietary restraint may reflect a broader control resource, 
however; studies have shown a strong association between measures of inhibitory self control 
and dietary restraint (Kuijer, de Ridder et al. 2008, Meule, Lukito et al. 2011).  Inhibitory self 
control can be defined as the ability to override motivational impulses (e.g. to eat) in order to 
adjust behaviour in line with more important goals (e.g. maintaining lean body weight).  
Several studies have found that reduced inhibitory self control is associated with laboratory-
based food intake, especially of nutrient-poor foods, and increased BMI (Nederkoorn, 
Smulders et al. 2006, Guerrieri, Nederkoorn et al. 2007, Fields, Sabet et al. 2013).  
Furthermore, BMI is associated with individual differences in activity in prefrontal regions of 
the brain, which indicate executive control (Shamosh, DeYoung et al. 2008, Batterink, 
Yokum et al. 2010).   
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 It is also plausible that greater levels of inhibitory control are necessary when food 
reward sensitivity is high, so that both factors interact within the same individuals according 
to environmental demands.  However, few studies have examined an interactive effect 
between psychological processes and food environment in a controlled situation, and 
therefore the relative contributions or interaction of inhibitory control and food reward 
sensitivity are unknown.  For example, Nederkoorn et al. (2010) reported an interaction 
between response inhibition and implicit food preferences in predicting weight gain over 
time, where strong preferences affected weight gain only when response inhibition was 
ineffective.  However, it is not clear how these processes influence actual food intake.  
Rollins et al. (2010) measured intake and found that the effect of food reward sensitivity on 
overconsumption was moderated by delay discounting, which can be interpreted as a form of 
reward-related response inhibition.  A further question is the extent to which relationships 
between food reward sensitivity, inhibitory control and food intake are subject to influence 
from appetising environmental stimuli such as food advertising and visibility.  A number of 
studies have examined interactions between individual traits influencing overconsumption 
and environmental characteristics, such as variety (Guerrieri, Nederkoorn et al. 2007) and 
sales promotions (Nederkoorn 2014).  Meule and Kubler (2014) have reported an interaction 
between impulsivity and food craving in ability to resist food cues, although actual food 
intake was not assessed.  Folkvord et al. (2014) found an interaction between impulsivity and 
exposure to food ‘advergames’ influencing intake.  However, most research focuses on 
children only, who do not commonly make their own food decisions (Guerrieri, Nederkoorn 
et al. 2007, van den Berg, Pieterse et al. 2011, Folkvord, Anschütz et al. 2014), may limit the 
implications of findings.  In sum, it is not clear whether environmental influences such as 
food adverts exert a pervasive effect on overconsumption, or whether increased advertising 
and food presence exacerbate an existing predisposition to overconsume.   
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The aims of the present study were twofold.  First, to examine the relative 
contributions of inhibitory self control, sensitivity to food reward and associated eating traits 
(restraint and disinhibition) on snack intake. A second aim was to compare the contribution 
of these factors to intake following exposure to an appetising food cue comprising food-
related advertisements and the presence of palatable food, compared with non-food (neutral) 
advertisements with no food.  It was hypothesised that:  
 Inhibitory self control and sensitivity to food reward would interact to determine 
snack intake, with intake being lowest when inhibitory self control was high and food 
reward sensitivity was low 
 Exposure to food cues before consumption of snack food would elicit greater reward-
related overconsumption.  
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6.3 Methods 
 
6.3.1 Participants 
 
The sample has been described in chapter 5 and consisted of 50 adults (56% female; M BMI 
23.9 kg/m2 (SD = 3.1); M age 34.5 years) who were not vegetarian, dieting, allergic to 
chocolate snack food or taking medication affecting appetite. 
 
6.3.2 Measures 
 
6.3.2.1 Inhibitory self control  
Response inhibition was chosen as the measure of inhibitory control as it was hypothesised 
that the ability to inhibit pre-potent responses would be most pertinent to the inhibition of 
palatable food consumption when available, especially when presented ad libitum in 
excessive portion sizes.   Inhibitory self control was assessed via the GoStop task (Dougherty, 
Mathias et al. 2005), which is a computerised task assessing ability to inhibit an automatic 
response when a ‘stop’ signal is presented.  Participants were required to attend to a series of 
five-digit numbers presented in quick succession and respond via mouse-click when a 
number matched the previous one displayed (the ‘go’ signal).  If the colour of the number 
changed from black to red (the ‘stop’ signal), participants were required to withhold the 
response.  The validity of the task has been confirmed in discriminating pathological 
gamblers (Ledgerwood, Alessi et al. 2009).  Following White et al. (2008), the parameters 
were set as two blocks with seven stop trials, 28 no-stop trials and 56 novel trials.  Stimuli 
were presented for 500ms with a 600ms washout between presentations.  Default intervals 
between the ‘go’ and ‘stop’ signals were used: 50ms, 150ms, 250ms and 350ms, presented in 
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a randomised order throughout the trials.  Percentage correct inhibition on the ‘stop’ trials 
was averaged over the four intervals and two blocks to produce a mean response inhibition 
value (percentage correctly inhibited) per session.  See Appendix A (page 262) for task 
instructions.   
 
6.3.2.2 Sensitivity to food reward 
Sensitivity to food reward was measured using the implicit wanting component of the Leeds 
Food Preference Questionnaire (LFPQ) (Finlayson, King et al. 2007), chosen as it is less 
susceptible to bias from self-report.  The LFPQ has been described more fully in Chapter 5.  
Here, data from the high-fat sweet category only were used in line with the test food.  
Implicit wanting of other food categories was not correlated with food intake (all p’s > .09), 
with the exception of the low-fat sweet (LFSw) category, which was negatively correlated 
with intake in the food-cue condition (r = -.40, p < .01).  In the non-food cue condition, a 
time-matched control task was administered that related to furniture choices rather than food, 
in order to control for a possible cue effect of mere exposure to food photographs.  Data from 
this control task were not included in analyses.  See Appendix A (page 256) for task 
instructions.   
 
6.3.2.3 Eating behaviour traits 
Three Factor Eating Questionnaire (TFEQ) The 16-item disinhibition subscale of the TFEQ 
(Stunkard and Messick 1985) was used to measure disinhibited eating tendency.  Disinhibited 
eating refers to the tendency to eat opportunistically or to overeat in response to 
environmental cues, and represents a failure of self control over eating.  The TFEQ has a 
dichotomous (True/False) response scale.  It has been shown to have good reliability 
78 
 
(Stunkard and Messick 1985) and good discriminatory validity with regards to BMI (Harden, 
Corfe et al. 2009).   See Appendix A (page 243) for the subscale.  
 
Dutch Eating Behaviour Questionnaire (DEBQ) The 10-item restraint subscale of the DEBQ 
(van Strien, Frijters et al. 1986) was used to measure dietary restraint.  Dietary restraint refers 
to the tendency to attempt to restrict food intake in order to control or avoid gaining weight.  
The DEBQ has a 5-option response scale (Never, Seldom, Sometimes, Often, Very Often).  
The restraint subscale has been shown to have good test-retest reliability and validity 
(Allison, Kalinsky et al. 1992).  See Appendix A (page 245) for the subscale. 
 
6.3.2.4 Assessment of appetite, mood and test food sensory characteristics  
Subjective appetite, mood and alertness sensations were measured using computerised visual 
analogue scales (VAS) word anchored at each end (‘Not at all’ and ‘Extremely’).  
Participants were required to answer a series of questions by using the mouse to place a 
vertical mark somewhere on the 100-point continuous horizontal scale.  Appetite and mood 
questions, presented in a fixed order, were:  ‘How hungry do you feel right now?’, ‘How full 
do you feel right now?’, ‘How much food could you eat right now?’, ‘How much do you 
want to eat something right now?’, ‘How stressed do you feel right now?’, ‘How alert do you 
feel right now?’, and ‘How content do you feel right now?’.  VAS measures of appetite have 
been shown to have excellent test-retest reliability (Arvaniti, Richard et al. 2000). 
 
6.3.2.5 Snack intake 
The test food was a chocolate snack food (Maltesers: Mars), with an energy density of 5.0 
kcal/g.  155g Maltesers to the nearest Malteser (the size of a snack bag) was presented in a 
taste test paradigm, described in full in Chapter 5.   
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6.3.2.6 Food and non-food cues 
The food cue consisted of a 1.5 minute video composed of excerpts from televised food 
adverts (sources: Marks & Spencer, Hungry Jacks, Pizza Hut, Haagen-Dazs, Lindt).  The 
video was confirmed via pilot work to result in slight increases in sensations of hunger and 
desire to eat (n = 10; M 11% increase in hunger, M 17% increase in desire to eat).  Increases 
in these variables were not observed following the neutral video. The test food was presented 
immediately before the video clip and was placed next to participants for its duration, 
although participants were instructed to wait for the taste ratings before tasting the food.  
 The food cue was matched in the neutral condition by a 1.5 minute video composed of 
excerpts from furniture and mobile phone advertisements (sources: Marks & Spencer, Apple, 
LG) with identical background music, played through headphones.  The test food was not 
present during the neutral video.   
 
6.3.2.7 Anthropometric measurements  
At the end of the final session, height in centimetres was measured to the nearest millimetre 
with a portable stadiometer (Seca) against a flat wall.  Weight in kilograms was measured to 
the nearest tenth of a kilogram with an electronic glass scale (Salter) while the participant 
was wearing light indoor clothing.  Measurements were used to calculate body mass index 
(BMI).  
 
6.3.3 Design  
 
Snack food intake was assessed on two separate occasions in a repeated measures quasi-
randomised cross-over design.  Space constraints dictated that due to food presentation in the 
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food cue condition, participants in adjacent cubicles had to be allocated the same condition 
(food-cue or neutral).  On each occasion the taste test was preceded by either exposure to 
food cues, consisting of food-related adverts and the presence of snack food (the food cue 
condition), or neutral non-food adverts with no snack food (the neutral condition).  
Sensitivity to food reward was assessed in the food cue condition only as discussed above.  A 
sample size of 46 participants in each condition was calculated as necessary to be able to 
detect a difference of 100 kcal in intake between conditions, assuming power set at 80% and 
alpha at 0.05 (StatMate version 2.0, GraphPad, USA).  The full experiment also contained 
measures described in Chapter 5 and Chapter 7; see Appendix C (page 276).   
 
6.3.4 Procedure 
 
At least one week prior to the first study visit, participants completed an online screening 
questionnaire assessing demographic information and weight control behaviours, together 
with the measures of dietary disinhibition and restraint.  Subject to successful screening, 
participants visited the laboratory for the first test session after the interval of at least one 
week.  Participants were tested individually within the Human Appetite Research Centre.  
Participants were required to have abstained from eating and drinking anything except water 
for at least three hours prior to each laboratory visit (see Chapter 5).  Participants completed 
an initial VAS rating of appetite and mood followed by the GoStop task.  If the session was 
the food cue condition, participants then completed the LFPQ, followed by the food cue and 
food presentation.  In the neutral condition, food photographs in the LFPQ were replaced by 
photographs of furniture, and participants were shown the neutral video, after which the food 
was brought in.  Participants then completed the taste test, followed by a final VAS rating of 
appetite and mood.  Anthropometric measurements were taken following the second session.  
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Each test session took place at the same time of day, under standardised conditions and 
exactly one week apart.  A debriefing questionnaire was administered at the end of the final 
session, following anthropometric measurements, including questions regarding adherence to 
the study conditions, intention to compensate for food intake during the session and 
awareness of study aims.   See Figure 6.1 for an overview of the measures described in this 
chapter.   
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Figure 6.1: Schematic overview of test sessions 
Note: TFEQ-D = Three Factor Eating Questionnaire, Disinhibition subscale; DEBQ-R = 
Dutch Eating Behaviour Questionnaire, Restraint subscale; VAS = visual analogue scale; 
LFPQ = Leeds Food Preference Questionnaire.  All easures were administered in a fixed 
order.  Anthropometric measurements were taken and a post-participation questionnaire 
given at the end of the second test session.  There was an interval of at least one week 
between each of the laboratory sessions and after the online measures.   
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83 
 
6.3.5 Data analysis 
 
Implicit wanting for HFSw was calculated as described above.  GoStop task scores from the 
second session were used in analyses, with the first session used as a practice session.  
GoStop scores from three participants were excluded listwise from analyses because the data 
indicated they had had not responded to ‘go’ or ‘stop’ signals.  The influence of food vs. 
neutral cues on snack intake was examined using paired t-test.  The relationships amongst the 
psychological variables and snack food intake, both with and without food cues, were 
examined via Pearson’s correlation and linear regression using variables centred around the 
mean.   For all regression analyses, the enter method was used.  Interactions between 
variables were explored via regression entered in a separate block.  All statistical analyses 
were performed using SPSS version 21.0 (IBM, Chicago).  Significance was tested at p < .05.   
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6.4 Results 
 
6.4.1 Appetite sensations and food intake 
 
Baseline appetite scores indicated that participants were moderately hungry (neutral 
condition: M = 50.9 mm; food cue condition: M = 47.1 mm) and not full (neutral condition: 
M = 32.2 mm; food cue condition: M = 35.0 mm) on arrival at the laboratory (not 
significantly different between conditions).  Palatability ratings indicated that the snack food 
was moderately well liked (M = 70.4 mm across sessions).   
Snack intake was similar in both conditions and therefore not significantly influenced 
by the presence or absence of food cues (neutral condition M = 201.9 (SD = 178.2) kcal, food 
cue condition M = 200.5 (SD = 186.4) kcal, t(49) = .09, p = .93).  See Figure 6.2 for intake 
according to gender.   
Intake at each taste test was significantly correlated with baseline hunger (neutral 
condition: r = .28, p = .04; food cue condition: r = .48, p < .001).  Snack intake was related to 
reported palatability in the food cue condition only (r = .44, p = .001; neutral condition r = 
.14, p = .33).  Snack intake was not related to body mass index (r = .15, p = .30), waist-to-
height ratio (r = -.001, p = .99) nor any self-reported mood variable (all p’s > .051).   
 
 
                                                          
1 These relationships were unchanged when gender was added as a covariate. 
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Figure 6.2: Mean snack food intake in the food cue and neutral condition, by gender.  Error 
bars represent standard deviation   
 
 
6.4.2 Effect of inhibitory self control and sensitivity to food reward on intake without 
food cue exposure  
 
In the absence of food cues, reward sensitivity was significantly positively correlated with 
intake (r = .25, p = .04) and inhibitory self control was negatively correlated with intake (r = -
.36, p = .006).  Dietary restraint (M = 2.42, SD = 0.74) and disinhibited eating tendency (M = 
5.32, SD = 3.02) were not significantly correlated with intake (restraint r = -.06, p = .34; 
disinhibition r = .20, p = .08) and were not included in further analyses.   Linear regression 
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indicated that inhibitory control, but not sensitivity to food reward, was significantly 
predictive of intake (F(2, 46) = 5.04, p = .01; see Table 6.12).    
 
Table 6.1: Linear regression model predicting snack food intake without a food cue 
Model 1 R² = .19; Model 2 R² = .20 
Note: SFR = sensitivity to food reward; ISC = inhibitory self control 
 
6.4.3 Effect of inhibitory self control and sensitivity to food reward on intake after food 
cue exposure  
 
Correlation analysis was conducted to assess the impact of the presence of snack food and 
food adverts on the relationship between snack food intake, inhibitory self control and 
sensitivity to food reward.  In the food cue condition, inhibitory control was negatively 
                                                          
2 This model was unchanged when gender was added as the first step. 
    Unstandardised  Standardised    
Model  F p B S.E. Beta t p 
1 (Constant) 5.04 .011 201.91 23.98  8.42 <.001 
 SFR   1.44 .83 .24 1.74 .09 
 ISC   -4.97 1.91 -.35 -2.61 .01 
2 (Constant) 3.62 .021 201.24 24.04  8.37 <.001 
 SFR   1.43 .83 .24 1.73 .09 
 ISC   -4.48 1.99 -.32 -2.25 .03 
 SFR x 
ISC  
  -.07 .07 -.13 -.90 .37 
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correlated (r = -.31, p = .02) and reward sensitivity positively correlated with snack intake (r 
= .36, p = .005).  In the food cue condition, there was a trend towards a correlation with 
disinhibition (r = .26, p = .07) and there was no relationship with restraint (r = -.04, p = .79).  
Regression analyses showed that both inhibitory control and reward sensitivity were 
independently predictive of intake in the presence of food and appetising adverts (F(2, 46) = 
6.14, p = .004; see Table 6.2).  When gender was added as the first step in the model, food 
reward sensitivity remained a significant predictor but inhibitory self control was no longer 
significant (t = -1.40, p = .17).  For further analysis within each gender separately, see 
Appendix G (page 286).   
In the food cue condition, a control-reward interaction was significantly associated 
with intake (r = -.26, p = .04).  Adding this interaction to the regression model increased its 
fit but did not significantly independently predict intake (see Table 6.2).  See Appendix G 
(page 286) for further analysis of this interaction.   
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Table 6.2: Linear regression model predicting snack food intake in the presence of a food cue 
Model 1 R² = .22; Model 2 R² = .25 
Note: SFR = sensitivity to food reward; ISC = inhibitory self control 
 
  
    Unstandardised  Standardised    
Model  F p B S.E. Beta t p 
1 (Constant) 6.14 .004 200.53 24.58  8.16 <.001 
 SFR   2.24 .85 .35 2.65 .01 
 ISC   -4.35 1.96 -.30 -2.22 .03 
2 (Constant) 4.78 .006 199.51 24.36  8.19 <.001 
 SFR   2.23 .84 .35 2.66 .01 
 ISC   -4.48 1.99 -.32 -2.25 .03 
 SFR x 
ISC  
  -.10 .07 -.19 -1.35 .18 
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6.5 Discussion 
 
This study examined the relationships between sensitivity to food reward and inhibitory self 
control on overconsumption, and the impact of food cues on their expression and relationship 
with snack intake.  In a neutral laboratory environment, we found that greater inhibitory self 
control was associated with and predicted lower snack food intake, although the variance 
explained was relatively low.  In the presence of snack food and food adverts, higher food 
reward sensitivity predicted greater food intake, while inhibitory self control remained a 
protective factor, suggesting a trait-environment interaction.  These results suggest that 
inhibitory self control may be more consistently related to ability to resist overconsumption, 
while sensitivity to food reward may play a role in situations where food is both available and 
consumption actively prompted.  Sensitivity to food reward may therefore be a risk factor for 
diet-induced overweight in an obesogenic environment, particularly in the absence of 
effective inhibitory self control.   
Food cues, notably food-related advertising, have previously been reported to increase 
food intake in the laboratory (Harris, Bargh et al. 2009); although an effect may depend on 
factors such as gender (Anschutz, Engels et al. 2011) and eating styles (van Strien, Peter 
Herman et al. 2012, Wonderlich-Tierney, Wenzel et al. 2013).   However, as with the present 
study, other studies have found no effect of food-related advertising on laboratory intake 
(Bellisle, Dalix et al. 2009).  Furthermore, much research has focused on the impact of food 
exposure and promotion on children (see Halford and Boyland 2013), who may be more 
susceptible to influence than adults (Dixon, Scully et al. 2014).  In the current paradigm, it is 
possible that knowledge of the taste test that would follow each video, indicating snack food 
availability, acted as a stronger cue than the additional presence of the snack food in the food 
cue condition.  This may have resulted in the similar intake observed in both conditions.  
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Furthermore, a limitation of the current experiment is that due to concurrent presentation, the 
unique effects of the food adverts cannot be separated from the presence of the snack food.  It 
would be useful in future research to clarify these effects by comparing exposure to food and 
non-food adverts in isolation, without additional cues such as food visibility, and where 
possible, knowledge of food availability.   
However, while overall intake in this study was not affected by the presence of food 
cues, the finding that sensitivity to food reward was a significant predictor of snack intake in 
the food cue condition only suggests that food cues did affect reward-driven responding in 
susceptible individuals.  Research has suggested that food advertising may provoke 
motivation to eat (Kemps, Tiggemann et al. 2014), possibly through stimulating reward-
related cognitions and corresponding brain areas in susceptible individuals (Burger and Stice 
2014); neural responsivity to food adverts has also been prospectively related to weight gain 
in adolescents (Yokum, Gearhardt et al. 2014).  Furthermore, previous research has shown an 
interactive effect between sensitivity to food reward, inhibitory self control and 
environmental cues, although results are mixed.  For example, Nederkoorn (2014) reported 
an interaction between low response inhibition and response to sales promotions, in 
overweight individuals only.  In children, Guerreri et al. (2007) also found that food variety 
interacted with food reward sensitivity to increase children’s food intake, although 
subsequent research has reported a contradictory effect; Bruce et al. (2013) found a reduction 
in neural areas associated with inhibitory self control in response to food logos, in overweight 
children only.  It is not clear whether reported effects of environmental cues on children’s 
intake are likely to persist into adulthood following frontal lobe maturation, as adults may 
benefit from greater prefrontal control and thus be less susceptible to influence from 
environmental factors.  One study in adults reported that cue exposure influenced food intake 
in individuals who were less impulsive (Larsen, Hermans et al. 2012), although it is unclear 
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whether this represented a floor effect of impulsivity on intake.  Further work using 
standardised food cue procedures may elucidate this interaction.   
 The finding that environmental food cues, such as food visibility and advertising, may 
interact with individual psychological differences to determine snack intake may have 
implications for current debate surrounding the role of advertising on overconsumption.  
Food manufacturers and industry often argue that individual choice is a key factor 
determining overall food purchasing and intake (Jenkin, Signal et al. 2011), in order to justify 
a focus on self-regulation (see Ronit and Jensen 2014 for a review).  This perspective has 
been fiercely disputed as being detrimental to obesity prevention (Levitsky and Pacanowski 
2011, Herington, Dawson et al. 2014).  The findings of the present study suggest that a 
renewed focus on enhancing effective individual self control, in the context of frequent food 
cue exposure, represents the most effective avenue currently for obesity prevention strategies.   
Finally, while we found that both inhibitory self control and sensitivity to food reward 
independently predicted snack intake, neither was predictive of body mass index (BMI).  This 
is consistent with  French et al. (2014), who found that in a free-living population, reward 
sensitivity was associated with energy intake within an eating episode, but not BMI.  It is 
possible that elevated BMI may be more strongly associated with other facets of 
overconsumption, such as food choice: for example, a stronger preference for high-fat foods 
(Rissanen, Hakala et al. 2002).  Here, the test food was reported to be almost universally 
liked independent of BMI.  However, as all participants were required to initiate consumption 
of the same food, it is possible that differences in food choice or eating frequency in the free-
living environment may interact with perceived palatability to predict weight gain and BMI.  
It is possible that further interactions may be observed outside the laboratory context, which 
is likely to be quite different to participants’ usual setting for watching food adverts and 
consuming snack food.  It should be noted that regression models revealed the variance 
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explained by inhibitory self control and sensitivity to food reward to be relatively low.  It is 
likely that external factors such as variability in participant response to the artificial 
laboratory environment may have contributed to this.   
In summary, the present study demonstrated the importance of inhibitory self control 
in resisting overconsumption, especially in food environments where cues to eat such as 
appetising food adverts and food presence may prompt increased food intake.  The study 
showed that individuals higher in sensitivity to food reward may be particularly susceptible to 
the effects of such cues, but that this may be mitigated by maximising effective self control.  
This study reinforces the importance of addressing individual factors affecting 
overconsumption susceptibility in an obesogenic environment.    
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Chapter 7: Psychological predictors of opportunistic snacking in the 
absence of hunger 
 
Based on the manuscript: Fay, S. H., White, M. J., Finlayson, G. S. and King, N. A. 
(submitted for publication).  Psychological predictors of opportunistic snacking in the 
absence of hunger.  Eating Behaviors.  
 
7.1  Overview  
 
Increased frequency of eating in the absence of energy requirements, notably through 
snacking, is an important contributor to overconsumption and may be facilitated by increased 
availability of palatable food in the obesogenic environment.  Opportunistic initiation of 
eating episodes associated with increased frequency is likely to be subject to individual 
differences, although these are unknown as initiation of eating is often overlooked in 
laboratory-based research paradigms.  This study aimed to identify the psychological factors 
associated with opportunistic initiation of snacking, and examine predictors of 
opportunistically initiated intake in the absence of homeostatic need.  Fifty adults participated 
in a snack taste test in which they ate a chocolate snack to satiation, after which they were 
offered an unanticipated opportunity to initiate a second eating episode.  Trait and 
behavioural measures of self control, sensitivity to reward, dietary restraint and disinhibited 
eating were taken.  Results may shed light on the mechanisms underlying a variety of 
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pathways to overconsumption and obesity.  Consideration of the individual differences 
promoting initiation of eating may aid in reducing elevated eating frequency in at-risk 
individuals.   
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7.2  Introduction 
 
Overconsumption can be defined as energy intake that is superfluous to energy needs (Fay, 
Finlayson et al. 2013), with excessive portion size or consumption of energy-dense foods 
often implicated (Duffey and Popkin 2011, Piernas and Popkin 2011, French, Mitchell et al. 
2014).  However, research increasingly suggests that elevated eating frequency is a 
significant contributor to overconsumption and weight gain (Berteus Forslund, Torgerson et 
al. 2005, la Fleur, Luijendijk et al. 2014, Mattes 2014).  Initiation of eating is likely to be an 
important driver of eating frequency, in that a higher propensity to initiate eating, especially 
in the absence of hunger, may be associated with overconsumption associated with greater 
frequency of eating episodes.  This may be facilitated by increased snack food availability (la 
Fleur, Luijendijk et al. 2014).  It is hypothesised that individual differences exist in 
opportunistic snacking, and the psychological drivers of eating initiation in the absence of 
metabolic need are therefore of interest.  However, laboratory-based research has tended to 
overlook initiation of eating, in favour of overconsumption as amount consumed, or portion 
size, during a single mandatory eating episode.   
Research has shown that overconsumption within an eating episode is related to 
increased sensitivity to food reward (Davis, Patte et al. 2007, Epstein, Carr et al. 2011), 
reduced inhibitory self control (Allan, Johnston et al. 2010, Jasinska, Yasuda et al. 2012, 
Haws and Redden 2013), or an interaction of these factors (Nederkoorn, Houben et al. 2010, 
Rollins, Dearing et al. 2010, Redden and Haws 2013), with eating behaviour traits such as 
dietary restraint and disinhibition (Hofmann, Rauch et al. 2007, Batra, Das et al. 2013, Carr, 
Lin et al. 2014) also implicated.  It is unclear whether these factors, implicated in delayed 
termination of an eating episode, may also be predictive of the decision to initiate eating.  
Much research investigating eating initiation has relied on self-report (e.g. Tuomisto, 
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Tuomisto et al. 1998), despite issues with under-reporting of eating frequency (McCrory, 
Howarth et al. 2011).  The aims of this study were to examine differential factors between 
individuals who opportunistically initiated intake in the laboratory and those who did not; and 
secondly to examine predictors of overconsumption in this context.  It was hypothesised that:  
 There would be differences in psychological factors, notably sensitivity to reward,  
self control and eating behaviours, between individuals who initiated snacking 
when satiated and those who did not 
 Amount consumed during an opportunistically initiated episode would vary 
according to individual differences in those factors.  
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7.3  Methods 
 
7.3.1 Participants 
 
The participant sample has been described more fully in Chapter 5.  It consisted of 50 adults 
(mean age 34.5 years [SD = 12.9], mean BMI 23.9 kg/m2 [SD = 3.1,], 56% female) who were 
recruited to take part in a study investigating ‘differences in taste perceptions of chocolate 
snack food’ during which they ate chocolate snack food to self-determined satiation.  
Participants were then invited to take part in a further, unanticipated taste test.  Acceptance of 
this further opportunity to initiate eating having recently eaten to satiation, and resultant 
energy intake, was the main focus of the present study.    
 
7.3.2  Measures  
 
7.3.2.1  Self control  
Barratt Impulsiveness Scale, Version 11 (BIS-11)  Trait self control was measured using the 
30-item BIS-11 (Patton, Stanford et al. 1995).  It measures general impulsivity, as well as 
three sub-factors: motor impulsivity, which includes items such as acting on the spur of the 
moment and making impulse purchases; attentional impulsivity, which includes items such as 
not ‘paying attention’ and becoming easily bored; and non-planning impulsivity, which 
includes constructs such as saving regularly and thinking about complex problems.  It has a 
4-option response format (Rarely/never, Occasionally, Often, Almost always/always).  The 
BIS-11 is generally found to have good test-retest reliability and high correlation with other 
self-report measures of impulsiveness (Stanford, Mathias et al. 2009).  See Appendix A (page 
237) for all measures.   
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GoStop  Behavioural inhibitory control was measured using a computerised GoStop task 
(Dougherty, Mathias et al. 2005).  It has been described more fully in Chapter 6.   
 
7.3.2.2  Sensitivity to food reward  
Sensitivity to food reward was measured using the Leeds Food Preference Questionnaire 
(LFPQ) (Finlayson, King et al. 2007).  See Chapter 6 for a full description of the task.  
Explicit sensitivity to food reward within each category was measured using visual analogue 
scales (VAS) with the question ‘How much do you want to eat this food right now?’.  Here, 
data from the high-fat sweet category only were used in line with the test food. 
 
7.3.2.3  Dietary restraint  
The 10-item restraint subscale of the Dutch Eating Behaviour Questionnaire (DEBQ-R) (van 
Strien, Frijters et al. 1986) was used to measure restrained eating tendency.  The DEBQ-R 
has been described more fully in Chapter 6.   
 
7.3.2.4  Dietary disinhibition  
The 16-item disinhibition subscale of the Three Factor Eating Questionnaire (TFEQ-D) 
(Stunkard and Messick 1985) was used to measure disinhibited eating tendency, or the 
tendency to eat opportunistically.  See Chapter 6 for a complete description of the subscale.  
 
7.3.2.5  Assessment of appetite, mood and palatability  
Subjective appetite and mood sensations were measured as described in Chapter 6.   
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7.3.2.6  Test food 
The test food was a milk chocolate snack (M&Ms; Mars) with an energy density of 4.9 
kcal/g.  150g M&Ms (the size of a snack bag) was presented in a white ceramic bowl in a 
taste test paradigm.  Participants who accepted the snack were allocated 10 minutes to 
participate in the taste test and complete VAS measures of mood, appetite and food 
palatability, together with a series of sensory ratings of the test food (not included in 
analysis).  Participants were instructed to eat as much as they wished during the taste test, and 
that any leftover food would be thrown away.  Amount consumed was calculated by 
weighing the food before and after the taste test.  
 
7.3.3 Design 
 
The present study consisted of an unexpected, opportunistic snack taste test immediately 
following a mandatory taste test, of which the full experimental procedure is described in 
Chapter 6.  Sample size was determined according to parameters set in Chapter 6 (see section 
6.3.5). 
 
7.3.4  Procedure 
 
Self-report measures (BIS-11, DEBQ-R and TFEQ-D) were completed by online survey at 
least one week prior to the laboratory test visit, while computerised behavioural measures 
(GoStop and LFPQ) preceded the mandatory taste test.  As described in Chapter 6, the 
mandatory taste test chocolate snack food was Maltesers (Mars), of which participants self-
selected the amount eaten.  Following this taste test, each participant was shown the 
opportunistic chocolate snack food (M&Ms) and told that a new taste test opportunity was 
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available, which was optional and unrelated to the experiment.  If they accepted the snack, 
another 10-minute taste test was administered in an identical format.  Finally, height (in 
centimetres) and weight (in kilograms) were measured while the participant was wearing 
light indoor clothing, and used to calculate body mass index (BMI).  After the session, 
participants were fully debriefed.  Research was approved by the Queensland University of 
Technology Human Research Ethics Committee.  See Figure 7.1 for an overview of the 
measures described in this chapter.   
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Figure 7.1: Schematic overview of test sessions   
Note: TFEQ-D = Three Factor Eating Questionnaire, Disinhibition subscale; DEBQ-R = 
Dutch Eating Behaviour Questionnaire, Restraint subscale; BIS-11 = Barratt Impulsivity 
Scale; VAS = visual analogue scale; LFPQ = Leeds Food Preference Questionnaire.  
*Denotes optional taste test offered to participants at the end of the second test session (either 
food-cue or neutral session condition).  All measures were administered in a fixed order.  
Height and weight were measured and a post-participation questionnaire was completed at 
the end of the second test session, after the opportunistic taste test if applicable.  There was 
an interval of at least one week between each of the laboratory sessions, and after the online 
measures.   
 
 
Online measures  
General 
questionnaire 
DEBQ-R 
TFEQ-D BIS-11 
 
Laboratory test sessions (repeated measures) 
VAS 
LFPQ (food cue 
condition only)  
VAS* GoStop 
Mandatory 
taste test 
VAS 
Opportunistic 
taste test* 
VAS 
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7.3.5  Data analysis 
 
Independent samples t-tests were conducted to investigate any differences between 
participants who accepted and those who declined the opportunistic snack.  Relationships 
between opportunistically initiated snack intake and variables of interest were examined via 
correlational analysis and linear regression.  All statistical analyses were performed using 
SPSS version 21.0 (IBM, Chicago).  Significance was tested at p < .05. 
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7.4  Results 
 
7.4.1  Opportunistic snacking initiation  
 
Thirty-eight participants from the sample (76% of total sample) accepted the opportunistic 
taste test.  There was no significant difference in intake at the previous, mandatory taste test 
between those who initiated snacking than those who declined it (previous intake M = 236.1 
kcal acceptors vs. M = 210.0 kcal non-acceptors).  There were no significant differences 
between those who accepted and those who declined, with the exception of inhibitory control 
(see Table 7.1).  Participants who initiated snacking demonstrated significantly better 
inhibitory control than those who did not.  Gender differences in predictors of snack initiation 
are explored in Appendix H (page 291).   
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Table 7.1: Mean (standard deviation) values and t-tests between participants who initiated vs. 
did not initiate snacking  
 
Variable Initiators M (SD) 
n = 38 
Non-initiators M (SD) 
n = 12 
t p 
Gender (M:F) 15:23 7:5 - - 
Age 35.08 (12.75)  32.83 (13.69)  -.52 .60 
BMI 23.57 (3.23)  24.21 (2.56)  .20 .84 
Restraint 2.45(0.75) 2.33 (0.72) -.89 .38 
Disinhibition 5.39 (3.06) 5.00 (3.35) .53 .60 
Attentional 
impulsivity  
16.08 (2.61) 14.27 (4.05) -1.88 .07 
Motor impulsivity  21.14 (3.08) 20.00 (3.52) -.67 .51 
Non-planning 
impulsivity 
22.81 (4.59) 20.46 (4.91) -1.14 .26 
Inhibitory control 45.96 (12.52) 36.53 (10.90) -2.25 .03 
Food reward 
sensitivity  
48.77 (24.95) 45.48 (11.23) -.23 .82 
VAS hunger¹ 43.67 (24.85) 37.17 (16.75) -.84 .40 
¹Following mandatory snack intake  
 
7.4.2  Opportunistically initiated snack intake  
 
VAS appetite scores confirmed that participants who initiated snacking were not hungry 
following the mandatory taste test (M fullness = 57 mm, 61% increase from baseline; M 
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hunger = 44 mm, 11% decrease from baseline).  Correlation analyses showed that 
opportunistic snack intake was not correlated with any measure of appetite (hunger: r = -.26, 
p = .12; fullness: r = .14, p = .40).  Opportunistic snack intake was positively correlated with 
previous intake at the mandatory taste test (r = .84, p < .001). 
Mean opportunistic snack intake was 115.7 (SD = 151.0) kcal.  The snack food was 
rated as moderately palatable (M palatability = 60 mm); however, intake was not significantly 
correlated with palatability (r = .28, p = .10).  Mean snack intake was positively correlated 
with sensitivity to food reward (r = .40, p = .004), motor impulsivity (r = .39, p = .006) and 
BMI (r = .30, p = .02).  All three variables emerged as significant predictors of intake (F(3, 
46) = 8.38, p < .001; see Table 7.2).  See Appendix H (page 291) for a comparison of 
predictors of opportunistic versus mandatory snack intake, together with exploration of 
gender differences.  
 
Table 7.2: Linear regression model predicting opportunistically initiated snack intake.  
 
Model R² = .35 
 
  
  Unstandardised  Standardised  t p 
 B S.E. Beta   
(Constant) -620.47 171.78  -3.61 .001 
Sensitivity to food 
reward 
2.47 0.79 .38 3.13 .003 
Motor impulsivity 13.41 5.47 .30 2.45 .02 
BMI 13.94 5.77 .29 2.42 .02 
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7.5  Discussion 
 
This study aimed to examine psychological predictors of initiation of snacking in the absence 
of energy requirements, and amount eaten in an opportunistically initiated episode.  We 
found that initiation of snacking was associated with higher inhibitory control.  This is 
contrary to previous research associating overconsumption and overweight with poor 
inhibitory control (Jasinska, Yasuda et al. 2012, Houben, Nederkoorn et al. 2014, Wirt, 
Hundsdörfer et al. 2014).  However, much research has demonstrated this in the context of 
amount eaten within an eating episode, relating to eating termination rather than initiation 
(Allan, Johnston et al. 2010, Houben 2011).  It is possible that this finding is indicative of a 
more conscious decision to initiate snacking given an opportunity, although this speculation 
requires further investigation and would benefit from the addition of self-report.  However, 
amongst participants who did initiate snacking, greater trait motor impulsivity was associated 
with greater intake.  This suggests that a tendency to act on motor impulses may be more 
strongly associated with failure to terminate eating episodes, in line with previous research.  
Motor control in particular may be especially pertinent to intake of bite-size snack foods, 
where intake involves repetitive hand-to-mouth movements.  
 Food reward sensitivity was also positively associated with snack intake, supporting 
previous laboratory-based studies (Davis, Patte et al. 2007, Rollins, Loken et al. 2014).  
However, differences in reward sensitivity were not apparent between participants who 
initiated snacking compared with those who did not.  This may indicate a lesser role of food 
reward in eating initiation specifically.  One proposed hypothesis for this derives from the 
observation that opportunistic snacking initiation was not related to hunger.  Evidence 
suggests that hunger influences reward-driven motivation to eat through increasing the 
incentive salience of food-related cues (Kroemer, Krebs et al. 2013, Loeber, Grosshans et al. 
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2013), which may account for a reduced role in a satiated state.  Alternative factors 
implicated in eating initiation in the absence of hunger merit further consideration.  In the 
present study, the similarity of the opportunistic snack food with the previously consumed 
snack indicates that sensory-specific satiety was unlikely to play a strong role in initiation.  
Snack foods were comparable in terms of taste, sensory characteristics (confirmed via self-
report; data not presented here) and macronutrient composition, which may reduce sensory-
specific satiety-related consumption (Griffioen-Roose, Finlayson et al. 2010).   
 The observed association with BMI and opportunistically initiated snack intake may 
highlight a link between overconsumption in the absence of hunger and risk for weight gain 
(Hill, Llewellyn et al. 2008, Kral, Allison et al. 2012), although to date most research has 
been conducted in children.  Disregard for hunger as a factor in meal termination has been 
linked to elevated BMI (Wansink, Payne et al. 2007), and a link with eating initiation is also 
likely.  Given the relatively modest sample size of the current study, which was estimated in 
accordance with the measures described in Chapter 6, replication would be beneficial, 
especially to confirm findings in a population with a wide range of BMI.   
In conclusion, opportunistic initiation of snacking in the absence of metabolic need, 
implicating elevated eating frequency, is an important contributor to overconsumption and 
the factors predisposing it merit further study.  It is important to define more precisely the 
mechanisms underlying the different forms of overconsumption in order to highlight the 
diverse pathways to overweight and obesity, which may be a current barrier to obesity 
treatment and prevention.    
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Chapter 8: Psychological and neuropsychological predictors of 
overconsumption and food choice in individuals differing in 
resistance and susceptibility to overconsumption  
 
 
8.1  Overview 
 
Evidence suggests that excess fat stores and associated alterations in circulating hormones, 
associated with chronic overconsumption, may impair psychological functioning including 
areas linked to resistance to overconsumption such as self control.  This suggests that a 
relationship between overconsumption and low self control may be bidirectional.  However, 
this is rarely accounted for in the literature.  The aim of this study was to investigate the 
contribution of psychological and cognitive (executive) functioning to overconsumption in 
individuals demonstrably susceptible and resistant to overconsumption, while controlling for 
body composition.  It also aimed to investigate the role of food choice, using a buffet meal 
containing high-fat and low-fat items.  Fifty-nine participants (52% female) were recruited in 
three groups based on body composition and differing according to obesity risk: lean (L), 
overweight or obese (O) and reduced (R: currently lean but previously overweight).  Results 
from this study may reveal possible mechanisms influencing overconsumption on an acute to 
chronic basis.  Furthermore, results from the reduced group (R), and this group’s similarity to 
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the lean (L) or overweight (O) groups, may begin to illustrate the effect of weight loss on 
cognitive functioning.   
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8.2 Introduction 
 
Overconsumption, and resistance to it, may occur through the following factors: amount 
consumed within an eating episode, relating to timely termination of the eating episode; 
frequency of initiation of eating episodes; or selecting foods that have an appropriate energy 
density, relating to food choice (see Chapter 2).  The first two studies in this thesis examined 
factors associated with the first two components: overconsumption of one food within a 
single eating episode, and initiation of an eating episode.  Overconsumption within an eating 
episode has been associated in the literature with psychological factors including a 
disinhibited eating style (e.g. Bryant, King et al. 2008), greater sensitivity to the rewarding 
properties of palatable foods (e.g. Epstein, Carr et al. 2011) and reduced self control (e.g. 
Guerrieri, Nederkoorn et al. 2007) (see Chapter 6).  These factors were found to be related to 
intake of a snack food in Chapter 6, and initiation of overconsumption, as a proxy for eating 
frequency, in Chapter 7.  It is posited that several of these factors, notably self control, dietary 
restraint and reward evaluation, are underpinned by executive functioning, which involves 
assimilation of diverse information sources towards planning and goal-directed behaviour and 
has been localised to the prefrontal cortex (PFC; Tanji and Hoshi 2001).  
 The third component of overconsumption, food choice, is important because in a free-
living situation, individuals generally have access to more than one food type and so must 
make decisions that impact on overconsumption.  These decisions related to food choice are 
likely to occur frequently in the context of a meal, with multiple food items, although may 
also be present when choosing snacks.  Snacking has been shown to be a strong contributor to 
overall overconsumption and overweight (Zizza, Siega-Riz et al. 2001, Scherwitz and Kesten 
2005).  However, it is not clear whether the relationships previously found in 
overconsumption of a snack food (Chapters 6 and 7) are sustained beyond available snack 
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foods, and can be observed within the context of a multi-item meal.  Therefore, a primary aim 
of this study was to examine whether previously observed relationships between self control 
and reward sensitivity for high-fat, sweet foods and intake are maintained from snack food 
intake to meal food intake, and whether such relationships play a role in food choice. 
 One limitation of laboratory-based assessments of food intake is that they often do not 
take into account other factors, such as compensatory modifications to energy intake outside 
the laboratory, that may influence overall obesity risk (Fay, Finlayson et al. 2013).  On a 
chronic basis, overconsumption leads to a positive energy balance, weight gain and notably 
increased adipose tissue, which provides a marker for overconsumption history and future 
susceptibility in the context of obesity risk.  Accordingly, research has identified differences 
in reward sensitivity (e.g. Davis 2009), self control (e.g. Crescioni, Ehrlinger et al. 2011) and 
decision-making (e.g. Pignatti, Bertella et al. 2006), associated with acute overconsumption, 
between lean (overconsumption resistant) and overweight or obese (overconsumption 
susceptible) individuals.  
However, an issue with studying chronic overconsumption is that the direction of 
relationships between overconsumption and associated factors cannot be definitively 
established, as it is unclear whether such factors may be confounded  by or a result of existing 
biological state (i.e. overweight or lean phenotype).  It is known that obesity is associated 
with hormonal and endocrine abnormalities, such as leptin and insulin resistance (McArdle, 
Finucane et al. 2013), and chronic sub-acute inflammation (McArdle, Finucane et al. 2013), 
which particularly affects the intracellular environment and functioning of the brain (Cai 
2013), notably the prefrontal cortex (Val-Laillet, Layec et al. 2011).  On a chronic basis, this 
is likely to lead to impairment in ‘executive functions’ that are likely to engage the PFC, such 
as inhibitory control and decision-making (Bechara, Damasio et al. 1994, Hollmann, 
Hellrung et al. 2011).  In support of this, neuropsychological research suggests that obesity is 
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associated with impairments to executive functions such as short-term memory, attention, 
response inhibition, decision-making and cognitive flexibility (Gunstad, Lhotsky et al. 2010, 
Verdejo-Garcia, Perez-Exposito et al. 2010).  While neuropsychological data may not reveal 
a direction of causation, imaging studies have shown obese-lean differences developed over 
time in frontal cortical areas, particularly the prefrontal cortex (Pannacciulli, Del Parigi et al. 
2006, Willeumier, Taylor et al. 2011).  Together, these data support the hypothesis that 
obesity may accelerate age-related decline in executive functioning (Gunstad, Lhotsky et al. 
2010, Stanek, Strain et al. 2013).  The age of onset of obesity-related cognitive impairment is 
not confirmed, but can be observed by age 35 (Joosten, van Eersel et al. 2013).  It is therefore 
possible that wider cognitive impairments caused by chronic overconsumption may impact 
on self control, so that impairment may be a consequence of elevated body weight rather 
than, or in addition to, a cause (see Smith, Hay et al. 2011 for a review).  Reduced inhibitory 
control (Batterink, Yokum et al. 2010), memory (Volkow, Wang et al. 2008) and decision-
making abilities (Brogan, Hevey et al. 2010) are all implicated in overconsumption 
(Hollmann, Hellrung et al. 2011, Martin and Davidson 2014).  It is therefore important to 
take this potential overconsumption-induced cognitive impairment into account when 
comparing measurements of food intake and psychological function between chronically 
resistant (lean) and chronically susceptible (overweight/obese) individuals.   
 Examining formerly overweight (susceptible) individuals, who have lost weight to 
return to a normal-weight range, may assist in this.  Studies in such individuals have shown 
that weight reduction leads to reduced resting energy expenditure (Goldsmith, Joanisse et al. 
2010), meaning that energy intake must be lowered for successful weight loss maintenance.  
Conversely, energy intake in this group is often influenced by decreased satiation (Kissileff, 
Thornton et al. 2012) and increased wanting of energy-dense foods (Gilhooly, Das et al. 
2007).   However, the psychological characteristics of individuals who have lost weight, 
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compared with never-overweight individuals, both in a similar physiological (lean) state, 
have received little research attention.  Longitudinal studies of successful versus unsuccessful 
weight-loss maintainers have found that successful weight loss maintenance is associated 
with higher dietary restraint and lower disinhibited eating (Westerterp-Plantenga, Kempen et 
al. 1998, Phelan, Liu et al. 2009).  A study by Phelan et al. (2011) using a three-group (lean, 
overweight/obese and reduced) paradigm found that weight-reduced individuals showed 
slower reaction time in a food-based interference task than the other groups, although 
accuracy was not affected.  It is not clear, however, whether this reflected food-specific 
interference or slower cognitive processing, as non-food-related cognitive tasks were not 
administered.  Further research has showed that successful weight loss maintenance is 
associated with a partial reversal of prefrontal cortical thinning (Hassenstab, Sweet et al. 
2012), which may underlie improvements in cognitive task performance demonstrated with 
weight loss, compared with overweight individuals (see Siervo, Arnold et al. 2011 for a 
review).  
The aims of this study were first to investigate relationships established in previous 
studies between psychological variables and overconsumption, in the context of a meal rather 
than a snacking occasion, and while examining overconsumption through food choice.  The 
second aim was to examine differences between participant groups known to be resistant or 
susceptible, indicated by body composition, on psychological variables implicated in 
overconsumption, notably eating styles, sensitivity to reward and self control.  The third aim 
was to investigate a possible neuropsychological basis of resistance to overconsumption: 
namely, whether executive function ability (response inhibition, working memory, decision-
making and task-switching) is related to both acute and chronic overconsumption, and to self 
control.  The study also aimed to examine the influence of factors such as exercise level on 
cognitive functioning.  
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In order to elucidate the nature of these relationships, the present study aimed to 
assess overconsumption while controlling for physiological state, concurrently with 
psychological ‘risk profile’ associated with overconsumption.  The present study aimed to do 
this by utilising three independent groups of participants, differing according to 
overconsumption susceptibility and physiological state.  The first group comprised 
individuals who were known to be persistently resistant to overconsumption (lean and never 
overweight, L).  The second comprised those who were known to be susceptible to 
overconsumption on a chronic basis (overweight/obese, O).  The third group comprised 
individuals with a history of overconsumption (previously overweight/obese), indicating 
susceptibility, but who were weight-reduced to be within the normal weight range at the time 
of assessment, and therefore in a similar physical state to the lean group (reduced, R).  
Research indicates that weight loss is associated with reductions in inflammatory neural 
damage due to overweight (Chae, Paik et al. 2013).  Therefore, a comparison of these 
participant groups was designed to enable psychological factors of interest to be studied in 
groups known to differ in resistance to overconsumption, whilst controlling for body 
composition.   
It was hypothesised that: 
 There would be differences between groups in food choice, specifically the absolute 
and relative amount of high-fat and low-fat foods selected and eaten.   
o The overweight group would consume more high-fat foods, and a higher 
proportion of the meal would comprise high-fat foods, than the lean group.   
 There would be differences between groups in eating styles, which would be 
associated with food intake. 
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o Disinhibited and emotional eating would be associated with greater food 
intake, and would be higher in the overweight group than the lean and reduced 
group.   
o Restrained eating would be associated with lower intake and would be higher 
in the lean and reduced groups than the overweight group.   
 Self control would be associated with lower intake, and would be higher in the lean 
group than the overweight group.   
 Reward sensitivity would be associated with greater intake, especially of high-fat 
foods, and the overweight group and the reduced groups would show greater reward 
sensitivity for high-fat foods compared to the lean group.   
 Executive function task performance would be positively correlated with self control, 
and would be higher in the lean and reduced groups than the overweight group.   
o The reduced group might show intermediate executive function task 
performance between the overweight and lean groups.  
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8.3  Methods 
 
8.3.1 Participants 
 
Fifty-nine adults (aged between 18-55 years; mean age 33.3, SD 8.7 years) were recruited 
from the staff and student population of the Queensland University of Technology and the 
greater Brisbane region to participate in a study investigating appetite, mood and body 
composition.  Recruitment took place between July 2013 and March 2014.  Participants were 
recruited for three independent groups, classified according to BMI.  Twenty adults (10 males 
and 10 females) were lean (L), within the normal-weight range (mean BMI 21.34, SD 1.77 
kg/m2) and at or within 5kg of their lifetime maximum weight.  Participants were included in 
this group only if they had a body fat percentage within the ‘ultra lean’ to ‘moderately lean’ 
range (<20% fat for males and <30% fat for females, values provided by BodPod manual, 
COSMED USA) in order to increase the likelihood that they were metabolically normal.  
Percentage body fat of three participants (two males and one female) in the lean group was in 
the ‘excess fat’ category (21-30% for males and 31-40% for females) and so these 
participants were removed and replaced during the course of data collection.  Twenty adults 
(10 males and 10 females) were overweight or obese (O; mean BMI 30.99, SD 4.00 kg/m2).  
Nineteen adults (8 males, 21 females) were reduced (R), with a BMI currently in the normal-
weight range (mean BMI 22.77, SD 1.29 kg/m2) and previously in the overweight/obese 
range (mean self-reported weight lost 21.27kg, SD 9.66 kg; self-reported former mean BMI 
29.74, SD 3.21 kg/m2).  Time since weight loss was not able to be held constant.  These data 
were available for 11 of the 19 participants.  Of these, four reported having reached their 
current weight approximately eight years before the study took place; three approximately 
three years before; and four one year or less than before.  Data on the reason for or method of 
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weight loss were not reported, although current dieting status and physical activity level were 
measured via self-report (see Appendix I, page 296).  All participants were screened for 
fluency in English, diagnosis of eating or psychiatric disorders, colour blindness and dislike 
of the test foods.  Information on dieting status was collected but not used for exclusion.  
Those who were vegetarian, allergic to or unwilling to eat wheat or dairy, or who were 
pregnant or lactating were excluded.   
 
8.3.2  Measures 
 
8.3.2.1 Self-report measures  
 
8.3.2.1.1. Eating behaviour traits  
Dietary restraint, emotional eating and external eating were measured using the Dutch Eating 
Behaviour Questionnaire (DEBQ; van Strien, Frijters et al. 1986).  The restraint subscale and 
properties of the scale are described in Chapter 7.  Emotional eating refers to the tendency to 
eat in response to negative affect such as nervousness or loneliness.  External eating refers to 
the tendency to eat in response to external food cues, such as the sight of food, or others 
eating.  Disinhibited eating tendency, or disinhibition, was measured with the disinhibition 
subscale of the Three Factor Eating Questionnaire (TFEQ-D; Stunkard and Messick 1985).  
Its properties have been discussed in Chapter 6.   All measures used are presented in 
Appendix A (page 237).   
 
8.3.2.1.2 Trait self control 
Self control was measured using two scales: the Barratt Impulsivity Scale Version 11 (BIS-
11; Patton, Stanford et al. 1995) and the brief 13-item Tangney Self Control Scale (TSCS; 
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Tangney, Baumeister et al. 2004).  The BIS-11, measuring attentional, motor and non-
planning impulsivity, has been described in more detail in Chapter 7.   The TSCS was chosen 
as it is a direct measure of global self control.  It has a five-option response format (Not at all 
like me, A little like me, Somewhat like me, Mostly like me, Very much like me) and has 
been shown to have good internal and test-retest reliability (Tangney, Baumeister et al. 2004).  
Studies using both measures have found moderate to high correlations between the BIS-11 
and TSCS (Swing, Gentile et al. 2010).   
 
8.3.2.1.3  Stress  
Perceived stress was measured using the short 10-item Perceived Stress Scale (PSS; Cohen 
and Williamson 1988).  It has a 5-option response format (Never, Almost never, Sometimes, 
Fairly often, Very often) and has been shown to have good test-retest reliability and 
predictive ability of psychological symptoms related to stress (Cohen, Kamarck et al. 1983).   
 
8.3.2.1.4  Physical activity 
Physical activity was measured using the short 7-item International Physical Activity 
Questionnaire (IPAQ; Craig, Marshall et al. 2003).  It was used to give an approximation of 
activity-related energy expenditure.  The seven questions measure self-reported physical 
activity over the last seven days.  It has good test-retest reliability and concurrent validity 
(Craig, Marshall et al. 2003). 
 
8.3.2.2  Neuropsychological measures of executive functioning  
 
One empirically supported framework proposes that executive functions can be subdivided 
into response inhibition, attention shifting, and working memory abilities (Miyake, Friedman 
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et al. 2000, Vainik, Dagher et al. 2013).  Therefore, executive functioning was investigated 
using one task assessing each of these components.  Tasks assessing decision-making have 
also been argued to be relevant, due to their link to the prefrontal cortex (Vainik, Dagher et 
al. 2013).   
 
8.3.2.2.1  Inhibitory control 
Inhibitory control was measured using the GoStop task (Dougherty, Mathias et al. 2005).  
The GoStop task and parameters used are described more fully in Chapter 6.   Inhibitory 
control is indicated by percentage of correctly inhibited responses, with reaction time to the 
‘go’ and ‘stop’ signals (latency and stop latency) indicating processing speed.  Participants 
were given standardised instructions (see Appendix A, page 263) and a task demonstration.  
The GoStop task has been reliably associated with brain activation in the dorsolateral 
prefrontal cortex (Rubia, Russell et al. 2001).   
 
8.3.2.2.2  Decision-making  
Decision-making was assessed using a computerised version of the Iowa Gambling Task 
(IGT; Bechara, Damasio et al. 1994) .  The IGT uses a gambling paradigm to measure 
decision-making in a situation of uncertainty, by requiring participants to choose virtual cards 
in order to win rewards (virtual money) from four decks with differing reward to penalty 
ratios.  In order to achieve a successful long-term outcome, participants must decide to forego 
immediate large rewards, also associated with large penalties, and choose decks associated 
with immediate small rewards, but small penalties.  Following Brogan et al. (2010), 
participants were given an initial loan of $2000 and were told that they should try and win as 
much money as possible by choosing cards from the four available decks (A, B, C, D), by 
pressing keys associated with each deck.  Instructions stated that some cards were associated 
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with losses as well as gains, and that they might find that some of the decks were better than 
others.  There were 100 trials (choices) in total.  Decks A and B were ‘disadvantageous’, in 
that they were associated with higher immediate gains ($100), with $1000 being won every 
10 cards from those decks; but higher losses.  Deck A was associated with five unpredictable 
large losses ($150 to $350), and Deck B was associated with one very large loss ($1250).  
Therefore, these decks cost most as the task progressed.  Decks C and D were ‘advantageous’ 
because they resulted in an overall gain.  Decks C and D had smaller immediate gains ($50), 
but smaller losses (between $25 and $75 for Deck C, and a single loss of $250 in Deck D).  
Adaptive decision-making is indicated by a higher proportion of cards chosen from the 
advantageous decks as the task progresses.  IGT performance was examined by a global 
outcome score calculated from the total number of cards chosen from advantageous decks 
minus the total chosen from disadvantageous decks.  Scores for each block of 20 cards were 
calculated in the same way, providing an index of learning across trials.  Participants were 
given standardised instructions (see Appendix A, page 264).    The IGT reliably discriminates 
between individuals with prefrontal cortical damage and normal controls (Bechara, Damasio 
et al. 1994, Bechara, Damasio et al. 1999) and is associated with ventromedial prefrontal 
cortical activity (vmPFC; Bechara, Damasio et al. 1994).    
 
8.3.2.2.3  Working memory  
Working memory was assessed via a computerised N-back task.  The N-back task is a 
continuous-recognition task that requires participants to judge whether an item in a sequence 
(here, single digit numbers) is the same as the item presented n items ago (Kane, Conway et 
al. 2007).  As n increases, the cognitive load of sequence held in working memory increases.  
A 1-back and a 2-back version were used.  In the 1-back version, participants had to judge 
whether a single digit presented on the screen was the same (target) or not the same (non-
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target) as the one presented previously; each time a digit was presented, they had to press one 
of two keys corresponding to ‘identical’ or ‘not identical’ to the previous digit.  In the 2-back 
version, participants had to press the keys to indicate whether the current digit was the same 
(target) or not the same (non-target) as the one presented two digits ago, that is, the digit 
before last.  The 1-back and 2-back versions were each presented as single blocks separated 
by instruction and practice screens.  One practice was completed before each main block.  
Better performance is indicated by percentage of correct responses and fewer omission and 
commission errors.  Following Knops et al. (2006), the task consisted of two blocks (1-back 
and 2-back) with 60 trials per block and a 5-trial practice block for each.  Each trial consisted 
of a fixation cross presented for 500ms, a single digit stimulus presented for 500ms and a 
blank screen also lasting 500ms.  Participants were given standardised instructions (see 
Appendix A, page 265) and a demonstration of the first block.  The N-back task has been 
well validated against attentional control ability (Gray, Chabris et al. 2003) and has been 
reliably associated with prefrontal cortical activity (Owen, McMillan et al. 2005).   
 
8.3.2.2.4  Task-switching 
Task-switching, or set-shifting, ability was measured using the computerised Wisconsin Card 
Sorting Test version 4 (Heaton, Chelune et al. 1993; PAR).  The WCST is a card-sorting task 
requiring participants to sort a number of stimulus cards showing between one and four 
coloured shapes into fixed categories headed by cards with shapes differing in form, colour 
and number.  Participants are instructed to sort the cards, but not given any rules as to how to 
sort them or on what stimulus attribute (form, colour or number).  Instead, they receive audio 
and visual feedback (‘correct’ or ‘incorrect’) after each card is sorted.  After 10 consecutive 
cards are correctly sorted, the sorting rule changes without warning (e.g. from sorting by 
colour to sorting by number of shapes).  Task-switching ability is indicated by: number of 
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trials completed, with a smaller number indicating better performance as more categories are 
able to be completed in fewer trials; percentage of correct responses; percentage of 
perseverative errors, or incorrect responses matching the previous sorting principle; and 
percentage of non-perseverative errors, or incorrect responses not matching the previous 
sorting rule.  Here, the standard 128-card version was used.  The frame time was set at 10ms, 
with the card move time 0.5 seconds and visual feedback duration 1 second.  Participants 
were given standardised instructions (see Appendix A, page 267).  WCST performance is 
reliably associated with prefrontal cortical activity (Cabeza and Nyberg 2000) and has been 
correlated with prefrontal cortex volume (Yuan and Raz 2014).  
 
8.3.2.3  Sensitivity to food reward  
 
Sensitivity to food reward was measured with the Leeds Food Preference Questionnaire 
(LFPQ; see Chapter 5 for full details).  See Appendix A (page 256) for task instructions and 
Appendix B (page 270) for food photographs used as stimuli in the task.   
 
8.3.2.4  Appetite and mood 
 
Appetite, mood, stress and palatability of the test food were measured using 100mm visual 
analogue scales (VAS; see Chapter 6 for full details).  State stress level was measured with 
the question ‘How stressed do you feel right now?’.  Palatability of each of the eight test 
foods was measured with the questions ‘How much did you like the apple (e.g.)?’ and ‘How 
much do you USUALLY like apple (e.g.)?’.   
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8.3.2.5  Food intake and choice 
 
Food intake was assessed via a buffet lunch containing eight foods presented ad libitum.  
Following the food categories contained in the LFPQ, two examples of each category (high-
fat sweet, high-fat savoury, low-fat sweet and low-fat savoury) were provided (see Table 
8.1).  Foods chosen were confirmed via pilot work to be familiar to the target participant 
group, and at least moderately well liked.   
 
Table 8.1: Test foods according to LFPQ food categories  
 
 Savoury  Sweet 
High-fat Sausage rolls  
Cheese flavoured corn chips  
Chocolate chip cookies 
Strawberry cheesecake 
Low-fat Ham and tomato sandwiches 
Green salad 
Apple slices  
Mango flavoured yoghurt 
 
Foods provided were: mini sausage rolls (Woolworths Homebrand Party Rolls: 
Woolworths), corn chips (Doritos Cheese Supreme flavoured corn chips: Smiths), chocolate 
chip cookies (Woolworths Homebrand Choc Chip Cookies: Woolworths), cheesecake 
(Woolworths Select Strawberry Cheesecake: Woolworths), green salad (Woolworths Aussie 
Salad: Baby spinach, baby green coral, shredded beetroot: Woolworths), apple slices (Pink 
Lady), low-fat yoghurt (Yoplait 98% Fat Free Mango Yoghurt: Yoplait).  Ham and tomato 
sandwiches were made from multigrain bread (Woolworths Homebrand Multigrain Sandwich 
Bread: Woolworths), low-fat spread (Meadowlea Light: Goodman Fielder), sliced ham 
(Woolworths Select Champagne Leg Ham: Woolworths) and tomato (Gourmet).  Sandwiches 
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were cut into quarter triangles (8 triangles provided per participant).  Cheesecake was cut into 
12ths (4 slices provided per participant).  All foods were presented chilled except for the corn 
chips and cookies, which were presented at room temperature, and the sausage rolls, which 
were oven-heated.  A glass of water was also provided.  Table 8.2 contains energy and 
macronutrient composition of each test food.   
 
Table 8.2:  Energy and macronutrient composition of test foods  
 
Food item Amount provided (g) Energy 
density 
(kcal/100g) 
Fat  
(g/100g) 
Sugar 
(g/100g) 
Sausage rolls 195g approx. (6 rolls) 265 13.2 3.4 
Corn chips 70g 519 26.9 2.4 
Sandwiches 340 g approx. (8 triangles) 144 4 2 
Salad 50g 22 0.3 0.2 
Cookies 110g approx. (10 cookies) 461 19.3 27.0 
Cheesecake 137g approx. (1/3 
cheesecake) 
306 17.0 23.6 
Apple 200g 52 0.2 10.4 
Yoghurt 200g 96 1.9 14.1 
 
Foods were presented in ceramic bowls or plates and brought to the participant on two 
trays (see Figure 8.1).  Each food was presented in 2-3 times the manufacturer recommended 
or judged ‘normal’ serving size in order to prevent ceiling effects on intake, and participants 
were told that more of each food was available if required.  Two participants requested extra 
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food (salad and apple, respectively).  Participants were instructed that they could choose 
which foods to eat, and to eat until they were comfortably full.  They were also instructed that 
they would receive a rating of liking of each food following the meal, and so to taste each 
food if possible in order to be able to answer this rating.  Each food was weighed before and 
after the meal to calculate intake.  Participants were instructed to call the experimenter when 
they had had enough, and the meal duration was covertly recorded.   
At screening, one participant reported an allergy to apple and so pear was substituted 
at the test meal (energy density 48 kcal/100g).  One participant reported a dislike of mango 
and so vanilla-flavoured yoghurt was substituted for the mango-flavoured yoghurt, with 
identical energy density and macronutrient composition.   
 
 
Figure 8.1: Test meal as presented to each participant  
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8.3.2.6  Body composition 
 
Body composition was measured using air displacement plethysmography (BodPod; 
COSMED USA) while participants were wearing tight-fitting, minimal clothing and a cap 
covering the hair.  The BodPod calculates fat mass, lean mass and relative percentages of 
each.  It uses these values to calculate resting metabolic rate (RMR) using the Nelson 
equation (Nelson, Weinsier et al. 1992) and total energy expenditure using resting RMR 
multiplied by a daily activity level based on the individual’s habitual activity level (here, 
gained from the IPAQ).  Weight was measured (in kilograms to the nearest gram) during the 
body composition measurement using an electronic scale linked to the BodPod.  Height was 
measured (in metres to the nearest millimetre) using a fixed stadiometer, and BMI was 
calculated from these measurements.  Waist circumference was measured in triplicate two 
centimetres above the naval.  Hip circumference was measured in triplicate at the widest 
point below the waist.  Measurements were used to calculate waist-to-height ratio (WtHR) 
and hip-waist ratio (HWR).   
 
8.3.3. Design 
 
The study used an independent groups design, with the three participant groups (L, O and R) 
chosen to compare current or previous weight status with current or previous 
overconsumption history as detailed above.  A minimum sample of 16 participants in each 
group was calculated as necessary in order to detect a 100-kcal difference in intake between 
the three groups assuming power set at 80% and alpha at 0.05 (StatMate version 2.0, 
GraphPad, USA), although with a lesser standard deviation in intake between groups than 
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was subsequently found.  Participant numbers in each group were kept equal at the expense 
of a larger number of participants in the L and O groups.   
 
8.3.4 Procedure 
 
Participants completed the initial questionnaire containing self-report measures online, at 
least one week prior to the study visit.  The questionnaire contained screening questions and 
asked participants to self-report height and weight, which were used to calculate BMI for 
recruitment purposes, and previous weight history.  It also contained questions relating to 
perceived weight status, diagnosis of eating or psychological disorders, current medication, 
dieting status, food allergies and dislikes and colour-blindness.  The questionnaire also 
contained the TFEQ-D, DEBQ, BIS-11, TSCS, PSS and the IPAQ, in fixed order.  Study 
visits were scheduled to start as close to participants’ usual lunch-time as possible (start time 
between 11am and 1.30pm, with lunch towards the end of the session).  Participants were 
required to fast for three hours and abstain from exercising and drinking alcohol for 24 hours 
before the session, with compliance assessed on arrival via self-report diet and exercise 
recall.  All participants reported complying with these restrictions.  They were instructed to 
consume their normal breakfast prior to the session, in accordance with previous studies 
(Chapters 5-7).  Participants were tested individually in clinic rooms, with computerised tasks 
performed on laptops with 18” LCD screens.  After informed consent procedures were 
completed, an initial assessment of sleep duration and quality was taken, and an initial 
appetite and mood VAS completed.  Next, participants completed the BodPod body 
composition measurement in a separate room, followed by height, weight, hip and waist 
circumference measurements.  Following this, they completed a second appetite and mood 
measurement.  Participants then completed the neuropsychological battery containing the 
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GoStop task, Iowa Gambling Task, N-back task and Wisconsin Card Sorting Test, in fixed 
order.  They were encouraged to take breaks between tasks as needed and provided with 
neutral-content magazines.  After the battery, participants completed a third appetite and 
mood assessment. They then completed the Leeds Food Preference Questionnaire, followed 
by a fourth appetite and mood assessment.  They were then given the test meal, to be 
consumed ad libitum, followed by a post-meal VAS rating of appetite, mood and palatability 
of test meal items.  Finally participants were given a questionnaire evaluating the perceived 
aim of the study and intention to compensate during the rest of the day for the amount eaten 
during the test meal.  The test session generally lasted between 1.5 and 2 hours.  See Figure 
8.2 for a schematic of the experimental session.  
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Figure 8.2: Schematic overview of the test session.   
Note: TFEQ-D = Three Factor Eating Questionnaire, Disinhibition subscale; DEBQ-R = 
Dutch Eating Behaviour Questionnaire, BIS-11 = Barratt Impulsivity Scale; TSCS = Tangey 
Self Control Scale; PSS = Perceived Stress Scale; IPAQ = International Physical Activity 
Questionnaire; VAS = visual analogue scale; IGT = Iowa Gambling Task; WCST = 
Wisconsin Card Sorting Test; LFPQ = Leeds Food Preference Questionnaire.  All measures 
were administered in a fixed order.  A post-participation questionnaire was given at the end 
of the test session.  There was an interval of at least one week between each of the laboratory 
sessions and after the online measures.   
 
 
General 
questionnaire 
DEBQ TSCS 
TFEQ-D 
IPAQ 
BIS-11 PSS 
Online measures  
Laboratory test session 
VAS VAS VAS VAS VAS 
BodPod GoStop N-back 
IGT WCST 
LFPQ Test meal 
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8.3.5. Data analysis 
 
Between-group differences in body composition were assessed using factorial analysis of 
covariance (ANCOVA), controlling for gender, with Bonferroni correction applied to post-
hoc tests.  Participant characteristics between groups were explored via chi-square and 
factorial multiple analysis of variance (MANOVA) was used to examine differences between 
participant groups on self-reported exercise level.  Between-group differences on self-
reported state and trait stress levels were analysed via MANOVA and between-group 
differences between stress development over time were analysed with a mixed 3 (condition) x 
5 (time-point) ANOVA, Greenhouse-Geisser corrected.   
Between-group differences in self-reported appetite and change in appetite over time 
were examined via 3 (condition) x 5 (time-point) mixed factorial analysis of variance 
(ANOVA) with Greenhouse-Geisser correction applied.  Relationships between appetite, 
palatability and food intake were examined via Pearson’s correlation coefficients.  These 
relationships were then examined within each participant group separately via correlational 
analysis.  Differences in energy intake between genders and between participant groups were 
examined via ANCOVA, controlling for energy requirements (total energy expenditure).  
Food choice was assessed by calculating total energy consumed from each of the four food 
categories (LFSa, HFSa, LFSw, HFSw) and percentage energy from each category relative to 
the total.  Group differences in food choice were examined via MANOVA of category-
specific intake and percentage intake.   
For self-reported eating styles, food reward as assessed by the LFPQ and self-reported 
self control subscale intercorrelations were first examined via correlational analysis.  
Between-group differences on each of these were then examined via MANOVA, and any 
difference further examined via correlational analysis with BMI, percent body fat and fat 
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mass.  Finally, relationships between each of the three variable groups and food intake were 
analysed via correlational analysis.   
Response inhibition performance, assessed by the GoStop task, was examined by 
calculating mean percentage of correctly inhibited responses, mean latency (response time 
following the ‘go’ signal) and mean stop latency (response time following the ‘stop’ signal) 
across each of the two blocks.  Between-group differences in inhibitory control were assessed 
via MANOVA at all stop signal intervals and relationships between inhibitory control and 
food intake were assessed via correlational analysis.  To assess the relationship between 
inhibitory control and self-reported self control (BIS-11 and TCSC), correlational analysis 
was conducted.   
Decision-making, as assessed via the IGT, was compared between groups on global 
net scores via ANOVA, and a 3 (group) x 5 (block) repeated measures ANCOVA, 
Greenhouse-Geisser-corrected, was performed to examine group differences in performance 
over time, following Brogan et al. (2010).  Working memory was assessed with the 2-back 
version of the n-back task only, as inspection of means suggested that the 1-back version was 
not challenging for the majority of participants and may not have sufficiently tested working 
memory ability.  Reaction times to correct trials only were calculated, and reaction times, 
errors of omission and errors of commission were used as indices of task performance, 
following Meule et al. (2012).  Between-group differences were assessed via MANOVA and 
relationships with intake assessed via correlational analysis.  Task-shifting was assessed with 
number of trials completed, percentage of correct responses, percentage of perseverative 
errors and percentage of non-perseverative errors on the WCST.  Between-groups differences 
in task performance were analysed via MANOVA, and relationships between WCST 
variables and food intake were analysed via correlational analysis.  Relationships between 
executive functioning measures, self control and exercise level were also examined via 
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correlational analysis.  All statistical analyses were performed using SPSS version 21.0 
(IBM, Chicago).  Significance was tested at p < .05. 
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8.4  Results 
8.4.1  Body composition  
 
Body composition data for each participant group are presented in Table 8.3. Each gender is 
presented separately due to differences in body composition between males and females.  
ANCOVA controlling for gender confirmed that the groups were significantly different on all 
body composition variables (all p <.001; see Table 8.4).  Post-hoc tests of these variables 
revealed that the overweight group was significantly different from both the lean and reduced 
groups (all p < .01), which were not significantly different from one other, with the exception 
of total energy expenditure (TEE) where only the lean and overweight groups were 
significantly different.  However, data on resting metabolic rate (RMR) and TEE should be 
interpreted with caution, given that prediction equations may overestimate RMR in reduced-
weight individuals, which may be diminished compared with never-overweight individuals 
(Schwartz, Kuk et al. 2012).   
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Table 8.3: Mean (standard deviation) body composition data for males and females in each 
participant group  
 
          Lean        Overweight        Reduced 
 Male Female Male Female Male Female 
Height (m) 1.77   
(0.07) 
1.61   
(0.04) 
1.83     
(0.10) 
1.67     
(0.05) 
1.80    
(0.02) 
1.64   
(0.05) 
Weight (kg) 70.76 
(9.53) 
53.41 
(4.45) 
97.62 
(10.49) 
92.51 
(15.79) 
75.50 
(5.92) 
60.90 
(5.98) 
BMI (kg/m2) 22.26 
(1.48) 
20.41 
(1.59) 
29.04   
(1.38) 
32.94  
(4.84) 
23.24 
(1.41) 
22.43 
(1.15) 
% Fat 12.06 
(4.39) 
23.93 
(3.26) 
28.49   
(4.61) 
44.93   
(5.60) 
14.38 
(5.51) 
30.36 
(9.78) 
Fat mass (kg) 8.59   
(3.59) 
12.84 
(2.40) 
28.04   
(6.57) 
42.07 
(11.45) 
11.11 
(4.50) 
18.75 
(7.24) 
Lean mass (kg) 62.17 
(8.39) 
40.77 
(2.79) 
69.59 
(6.48) 
50.43 
(6.28) 
64.59 
(3.61) 
42.14 
(5.47) 
WHtR 
 
.44  
(.01) 
44         
(.03) 
.55        
(.02) 
.62        
(.08) 
.47        
(.02) 
.47        
(.04) 
HWR 
 
.84        
(.02) 
.78        
(.06) 
.92        
(.04) 
.88        
(.06) 
.86        
(.04) 
.80        
(.06) 
RMR (kcal) 1638.70 
(218.77) 
1098.60 
(81.42) 
1881.50 
(187.72) 
1471.10 
(191.92) 
1712.13 
(95.89) 
1163.09 
(126.18) 
TEE (kcal) 2601.10 
(496.38) 
1598.40 
(269.60) 
3070.10 
(518.62) 
2139.10 
(412.74) 
2687.38 
(281.39) 
1767.36 
(341.30) 
Note: WHtR = Waist-to-height ratio; HWR = Hip-waist ratio; RMR = resting metabolic rate; 
TEE = total energy expenditure 
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Table 8.4:  Overall means and between-group differences in body composition variables 
assessed via factorial analysis of covariance, controlling for gender  
 
 Lean          
(M, SD) 
Overweight 
(M, SD) 
Reduced       
(M, SD) 
F p η² 
BMI (kg/m2) 
 
% Fat 
 
Fat mass (kg) 
 
Lean mass (kg) 
 
WHtR 
 
HWR 
 
RMR (kcal) 
 
TEE (kcal) 
21.34  
(1.77) 
18.00  
(7.12) 
10.72  
(3.69) 
51.47 
(12.55) 
.44  
(.02) 
.81  
(.05) 
1368.65 
(320.28) 
2099.75 
(644.77) 
30.99  
(4.00) 
36.71  
(9.80) 
35.06  
(11.59) 
60.01  
(11.62) 
.59  
(.07) 
.90  
(.06) 
1676.30 
(279.88) 
2605.60 
(661.21) 
22.76  
(1.33) 
22.59  
(10.80) 
14.91  
(7.00) 
52.43  
(12.09) 
.47  
(.03) 
.82  
(.06) 
1413.28 
(296.65) 
2185.61 
(559.07) 
74.36 
 
57.97 
 
70.21 
 
11.72 
 
59.33 
 
19.84 
 
19.84 
 
8.60 
<.001 
 
<.001 
 
<.001 
 
<.001 
 
<.001 
 
<.001 
 
<.001 
 
.001 
 
.73 
 
.68 
 
.72 
 
.30 
 
.69 
 
.42 
 
.42 
 
.24 
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8.4.2  Participant characteristics  
 
One-way ANOVA revealed that participants’ age was not significantly different between 
groups (L mean = 30.3 years, O mean = 35.0 years, R mean 34.7 years F(2, 56) = 1.91, p = 
.16), nor was education level (L 95% university educated, O 85% university educated, R 
94.7% university educated χ² = 12.80, p = .12).  Therefore, age and education level were not 
considered further in between-group analyses.  Self-reported data relating to dieting and 
acceptability of overweight are presented in Appendix E (page 281).  Self-reported vigorous 
and moderate physical activity levels did not vary by group; see in Appendix I (page 296) for 
further detail, together with data on self-reported stress level and sleep quality.   
 
8.4.3 Subjective appetite sensations  
 
Examination of mean VAS scores revealed that participants were moderately hungry (mean 
50.8 mm) and not full (mean 26.9 mm) on arrival at the laboratory.  Hunger, prospective 
consumption and wanting to eat increased from baseline until the test meal, after which they 
sharply declined; fullness decreased and increased in a reverse pattern (see Figure 8.3).  As 
expected, there was a main effect of time on all appetite variables (hunger F(2.47, 135.84) = 
151.79, fullness F(2.27, 124.69) = 311.55, prospective consumption F(2.08, 144.66) = 
144.66, wanting to eat F(2.27, 139.33) = 140.49, all p <.001).  There was no difference 
between groups on any appetite variable at any time-point (all F = .44-.90, p >.05).   
  
* 
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Figure 8.3: Mean VAS appetite ratings of hunger (a) and fullness (b) over time for each 
participant group 
 
  
(b) 
(a) 
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Total energy intake in the overall sample was not correlated with any measure of VAS 
hunger or fullness (all p >.05), although there was a trend towards a correlation with VAS 
hunger before eating (time-point 4; r = .23, p = .08; time-point 3; r = .23, p = .08).  Similarly, 
the correlation between intake and post-meal fullness did not reach significance (r = .25, p = 
.06).  Total energy and fat intake were, however, correlated with wanting to eat and 
prospective consumption (see Table 8.5)3.   
 
Table 8.5:  Correlation coefficients between food intake and VAS wanting to eat and 
prospective consumption 
 
 Total intake (kcal) r Total fat intake (kcal) r  
W 1 .32* .34** 
W 2 .17 .20 
W 3 .12 .14 
W 4 .20 .22 
PC 1 .28* .31* 
PC 2 .25 .26* 
PC 3 .25 .27* 
PC 4 .38** .41** 
Note: W = wanting to eat; PC = prospective consumption; * = p < .05; ** = p < .01; 1-4 = 
time-points 1-4 
 
 
                                                          
3 These relationships were not significantly changed when gender was included as a covariate.  
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Analysis of relationships between intake and appetite by group revealed that these 
relationships were present in the overweight group only (see Table 8.6).  Food intake in the 
overweight group was also correlated with baseline hunger (r = .48, p = .03).  Intake in the 
reduced group was not connected with any measure of appetite (all p >.05).  In the lean group 
only, there was an inverse relationship between total sugar intake and pre-meal hunger (r = -
.61, p = .005) and wanting to eat (r = -.66, p = .001), and a positive correlation between total 
sugar intake and fullness (baseline r = .46, p = .04; pre-meal r = .59, p = .007; before the 
LFPQ r = .45, p = .04).   
 
Table 8.6:  Correlation coefficients between food intake and appetite within the overweight 
group only (n = 20) 
 
 Total intake (kcal) r Total fat intake (kcal) 
r  
Total sugar intake 
(kcal) r 
W 1 .59** .54* .50* 
W 2 .23 .18 .21 
W 3 .04 -.01 .06 
W 4 .33 .30 .39 
PC 1 .61** .55* .62** 
PC 2 .45** .39 .48* 
PC 3 .49* .44 .51* 
PC 4 .61** .58** .65** 
Note: W = wanting to eat; PC = prospective consumption; * = p < .05; ** = p < .01; 1-4 = 
time-points 1-4 
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8.4.4  Food intake 
 
Mean energy intake (EI), mean total fat intake and mean total sugar intake for the sample 
overall, and split by gender are shown in Table 8.7.  ANOVA showed that males consumed 
significantly more than females (total intake: F(1, 56) = 10.55, p = .002; total fat: F(1, 56) = 
11.42, p = .001; total sugar: F(1, 56) = 6.65, p = .01).  However, when total energy 
expenditure (TEE) was added as a covariate via ANCOVA, gender effects were no longer 
significant (p all .72-.74).  
 
Table 8.7: Mean (standard deviation) food intake at the lunch meal, pooled and by gender  
 
 Pooled (M, SD) Males (M, SD) Females (M, SD) 
Total energy intake 
(kcal) 
826.7 (429.1) 1003.6 (490.7) 666.9 (273.1) 
Total fat intake (kcal) 284.1 (166.8) 354.6 (197.8) 220.4 (98.8) 
Total sugar intake (kcal) 168.8 (90.1) 199.1 (95.7) 141.4 (76.2) 
 
 
Mean intake by participant group is presented in Table 8.8.  ANOVA showed a 
significant difference between participant groups only in total sugar intake (F(2, 56) = 3.35, p 
= .04), which post-hoc comparisons showed was between the overweight and reduced groups 
(mean difference 71.8 kcal).  There was a trend towards group differences in energy intake 
(F(2, 56) = 2.54, p = .09) and fat intake (F(2, 56) = 2.56, p = .08).  Power for these 
comparisons was only moderate (.48-.49).   However, when estimated total energy 
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expenditure (TEE) was added as a covariate, between-group differences were no longer 
significant (p = .17-.26).  Food intake was not correlated with any measure of chronic 
overconsumption (BMI, percent body fat or fat mass, all p > .05).    
 
Table 8.8: Mean (standard deviation) food intake at the lunch meal by participant group  
 L (M, SD) O (M, SD) R (M, SD) 
Total energy intake (kcal) 849.4 (273.5) 969.8 (577.7) 667.9 (335.8) 
Total fat intake (kcal) 293.2 (110.2) 337.0 (225.3) 218.94 (124.7) 
Total sugar intake (kcal) 165.6 (60.0) 205.5 (108.7) 133.7 (84.1) 
 
8.4.5  Food choice  
 
Food choice was examined by separating total energy intake into energy (kcal) and 
percentage energy relative to total energy from each of the four food categories: low-fat 
savoury (LFSa: sandwiches and salad), high-fat savoury (HFSa: sausage rolls and corn 
chips), low-fat sweet (LFSw: apple and yoghurt) and high-fat sweet (HFSw: cheesecake and 
cookies).  Mean energy intake and percentage intake from each of the four groups is 
presented in Table 8.9 according to group.   
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Table 8.9: Mean (standard deviation) energy intake from each of the four food categories and 
as a percentage of total intake  
 
 Lean (M, SD) Overweight (M, SD) Reduced (M, SD) 
Intake LFSa (kcal) 200.2 (78.0) 257.7 (134.9) 209.5 (95.9) 
% intake LFSa  24.8 (9.2) 28.9 (14.0) 34.6 (16.6) 
Intake LFSw (kcal) 139.9 (73.2) 158.1 (76.2) 107.5 (85.8) 
% intake LFSw  19.0 (12.8) 18.1 (9.8) 17.2 (12.1) 
Intake HFSw (kcal) 167.0 (102.7) 265.4 (231.3) 152.6 (121.6) 
% intake HFSw  19.4 (8.9) 25.4 (12.6) 20.8 (8.7) 
Intake HFSa (kcal) 327.2 (205.9) 288.7 (253.0) 198.4 (159.6) 
% intake HFSa  36.8 (16.8) 27.6 (13.1) 27.5 (14.0) 
LFSa = low-fat savoury; LFSw = low-fat sweet; HFSw = high-fat sweet; HFSa = high-fat 
savoury 
 
There were no significant differences between groups in any measure of food choice. 
However, there was a trend towards a difference in total energy from HFSw foods (F(2, 56) = 
2.81, p = .07), with the overweight group consuming more energy from HFSw foods than the 
reduced group (mean difference 112.8 kcal).  Percentage of intake from HFSw foods was 
positively correlated with BMI (r = .26, p = .05).  There were trends towards relationships 
with percent body fat (r = .23, p = .08) and fat mass (r = .23, p = .09).  There were also trends 
towards differences in percentage of intake from HFSa and LFSa foods (HFSa: F(2, 56) = 
2.62, p = .08; LFSa: F(2, 56) = 2.55, p = .09), with the lean group consuming a larger 
percentage of their total energy from HFSa foods and the reduced group consuming a larger 
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percentage from LFSa foods.   Intake of HFSa foods was negatively correlated with percent 
body fat (r = -.26, p = .05)4.  
 
8.4.6  Relationships between psychological variables, body composition and 
overconsumption  
 
8.4.6.1 Eating behaviour traits 
Eating behaviour traits were not significantly different between groups (all p >.05), although 
there was a trend towards a difference in emotional eating tendency (L M = 1.85, O M = 2.34, 
R M = 2.25, F(2, 56) = 2.63, p = .08).  Emotional eating was significantly positively 
correlated with BMI (r = .29, p = .02), percent body fat (r = .47, p < .001) and fat mass (r = 
.41, p = .001).  External eating was correlated with percent body fat (r = .30, p = .02).  
Disinhibition was correlated with both percent body fat (r = .37, p = .004) and fat mass (r = 
.31, p = .02).  Eating behaviour traits were not correlated with any measure of total food 
intake (all p > .05), although there was a trend towards a relationship between total energy 
intake and external eating (r = .22, p = .09).  There was a negative relationship between 
emotional eating and intake of HFSa foods (r = .26, p = .05)5.  See Appendix D (page 279) 
for scale properties and Appendix I (page 297) for descriptive statistics and subscale 
correlations. 
 
 
 
                                                          
4 None of the reported differences or relationships changed when gender was included as a covariate, except that 
relationships between HFSa foods and body composition were no longer apparent.  
5 These relationships were unchanged when controlling for gender, except that the reported relationship between 
external eating and percent body fat disappeared (r = .17, p = .21) and relationships with disinhibition 
approached significance (p = .07 and .08, respectively).  
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8.4.6.2 Food reward sensitivity  
Implicit and explicit wanting and liking of the four categories of foods as assessed via the 
Leeds Food Preference Questionnaire (LFPQ; high-fat savoury, HFSa; low-fat savoury, 
LFSa; high-fat sweet, HFSw; and low-fat sweet, LFSw) were positively correlated within 
each category (see Appendix F, page 284).  There were no differences between groups in any 
measure of implicit or explicit wanting or liking (all p > .05), although there was a trend 
towards a difference in explicit wanting of HFSa foods, with the lean group reporting greatest 
wanting and the reduced group reporting the least.  This was supported by a significantly 
faster unadjusted reaction time to HFSa foods in the lean compared with the reduced group 
(mean difference 593 ms, p = .05).  There was no significant relationship between LFPQ 
scores and any measure of body composition (all p > .05), except for explicit wanting and 
liking of LFSa foods, which was negatively correlated with percent body fat (wanting r = -
.29, p = .03; liking r = -.31, p = .02)6.   
  The relationship between LFPQ variables and food intake was examined via 
correlation both overall, and for each food category separately.  Total food intake was not 
significantly correlated with any measure of food reward (wanting; all p > .05), although a 
relationship between total intake and explicit wanting of HFSa foods reached trend level (r = 
.24, p = .07).  Explicit wanting of HFSa foods was positively correlated with total fat intake 
(r = .30, p = .02).  Total energy intake was positively correlated with explicit liking of LFSa 
foods (r = .26, p = .04).   
 In order to further explore the relationship between food reward and food choice, 
relationships between food reward, raw and percentage intake within each food category 
were examined via correlational analysis and are shown in Table 8.10.  Implicit wanting of 
each category was positively correlated with percentage of the meal coming from each 
                                                          
6 When gender was included as a covariate, this relationship was no longer apparent.  
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category, except for LFSa foods; intake at this category alone was related to explicit wanting 
and liking of it (see Table 8.10)7.  See Appendix I (page 302) for analysis of wanting and 
liking according to appetite.   
 
                                                          
7 Relationships with food reward sensitivity were unchanged after controlling for gender.   
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Table 8.10: Correlation coefficients between food reward, food intake and percentage of total intake within each food category  
Imp. W = implicit wanting; Exp. W = explicit wanting; L = liking; LFSa = low-fat savoury; LFSw = low-fat sweet; HFSw = high-fat sweet; HFSa = high-fat 
savoury; * p < .05; ** p < .01
 
 
 
 
 
 
 
LFPQ 
variable 
Intake 
 LFSa kcal %  LFSa HFSa kcal %  HFSa LFSw kcal %  LFSw HFSw kcal %  HFSw 
LFSa Imp. W .16 .18       
LFSa Exp. W .43** .36**       
LFSa L .39** .25*       
HFSa Imp. W   .22 .46**     
HFSa Exp. W   .10 .03     
HFSa L   .06 .06     
LFSw Imp. W     .26* .41**   
LFSw Exp. W     .25 .27*   
LFSw L     .25 .20   
HFSw Imp. W       .27* .40** 
HFSw Exp. W       .21 .21 
HFSw L       .21 .18 
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8.4.6.3 Self control  
Self control was measured directly with Tangey’s Self Control Scale (TSCS) and inversely 
with the Barratt Impulsivity Scale (BIS-11).  See Appendix D (page 279) for scale properties 
and Appendix I (page 303) for subscale correlations.  Between-group differences in trait self 
control were examined via MANOVA.  Group means are presented in Table 8.11.  In all 
cases the lean group scored on average lowest on impulsivity subscales and highest on the 
TSCS, the overweight group demonstrated the reverse, and the reduced group’s scores were 
intermediate.  This difference reached statistical significance for total impulsivity (F(2, 55) = 
3.30, p = .04) and motor impulsivity (F(2, 55) = 3.22, p = .05).  TSCS scores were not 
significantly different between groups.  Within the whole sample, correlation analysis 
showed a positive relationship between BMI and attentional impulsivity (r = .29, p = .03), 
with a relationship with fat mass showing trend level (r = .24, p = .07).  There was a trend 
towards a positive relationship between BMI and motor (r = .26, p = .05) and total (r = .24, p 
= .07) impulsivity.   
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Table 8.11: Mean (standard deviation) impulsivity and self control scale scores for each 
group    
 Lean (M, SD) Overweight (M, SD) Reduced (M, SD) 
Total impulsivity (BIS-11) 55.00 
(7.75)* 
60.79 (8.94)* 60.68 (7.50) 
Attentional imp. (BIS-11) 14.20 (3.33) 16.12 (3.09) 15.68 (2.89) 
Motor imp. (BIS-11) 19.40 
(2.76)* 
21.58 (2.69)* 21.16 (3.10) 
Non-planning imp. (BIS-
11) 
21.40 (3.55) 23.84 (4.61) 23.11 (4.19) 
Self control (TSCS) 3.70 (0.74) 3.41 (0.67) 3.61 (0.52) 
Note: BIS-11 = Barratt Impulsivity Scale; TSCS = Tangey’s Self Control Scale; *significant 
differences between groups 
 
 Total energy intake was significantly negatively correlated with self control assessed 
by the TCSC (r = -.32, p = .02).  Self control was also negatively correlated with total fat 
intake (r = -.31, p = .02) and total sugar intake (r = -.34, p = .009).  Total food intake was not 
related to impulsivity as measured by the BIS-11.  However, energy consumed from HFSw 
foods and percentage of the meal from HFSw foods was positively related to all BIS-11 
subscale scores and negatively with TCSC scores (HFSw intake: total impulsivity r = .35, p = 
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.007, TCSC r = -.43, p = .001; HFSw percentage: total impulsivity r = .40, p = .002, TCSC r 
= -.40, p = .002)8.   
 
8.4.6.4  Executive functioning  
 
8.4.6.4.1 Inhibitory control  
MANOVA showed that inhibitory control (percentage of correctly inhibited responses) was 
not significantly different between participant groups (all p > .05).  At each stop signal 
interval, there was a trend towards the lean group showing faster mean stop latency and 
processing speed (latency) than the overweight group; this was most pronounced at the 
shortest (50ms) interval (stop latency: L = M 121.0 ms, O = M 196.7 ms, F(2, 55) = 2.93, p = 
.06; latency: L = M 150.9, O = M 245.9, F(2, 55) = 2.57, p = .09).  At the shorter (50 and 
150ms) intervals the reduced group displayed average latencies closer to the mean of the 
overweight group, and at the longer (250 and 350ms) latencies the reduced group’s mean 
latencies were closer to those of the lean group.  Percentage of correctly inhibited responses 
was not significantly correlated with body composition (all p > .05).   
 Total energy intake correlated only with percentage correctly inhibited responses at 
the longest interval (350ms), which was negatively correlated with intake, so that a better 
inhibition rate was correlated with lower intake (r = -.27, p = .04).  Inhibition at this interval 
was also negatively correlated with total fat (r = -.27, p = .04) and sugar intake (r = -.30, p = 
.02).  Inhibitory control percentage at the 350ms interval was also negatively correlated with 
greater intake (r = -.33, p = .01) and percentage (r = -.29, p = .03) from HFSw foods, in that 
better inhibition was associated with less of those foods eaten. 
                                                          
8 Relationships with self control were unchanged when controlling for gender.  
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Total sugar intake was positively correlated with average latency and stop latency at 
the shortest interval (50ms), so that slower processing was associated with greater sugar 
intake (latency r = .35, p = .008; stop latency r = .36, p = .005).  Analysis of a relationship 
between processing speed and food choice confirmed that average latency and stop latency at 
the shortest interval (50ms) was associated with greater intake of HFSw foods (latency r = 
.31, p = .02; stop latency r = .28, p = .03) and LFSw foods (latency r = .30, p = .02; stop 
latency r = .30, p = .02), and with a greater percentage of intake from HFSw foods only 
(latency r = .27, p = .04; stop latency r = .28, p = .03).  Correlation analysis confirmed that 
better response inhibition at the longest interval (350ms) was correlated with slower 
processing at the 50ms interval (latency r = -.34, p = .009; stop latency r = -.35, p = .007)9.   
 
8.4.6.4.2 Decision-making  
Mean net scores on the Iowa Gambling Task (IGT) were computed overall (global net score) 
and for each of the five blocks.  Increasing scores between blocks 1 to 5 demonstrated a 
learning effect over time of learning to choose cards from advantageous decks (see Table 
8.12), which was statistically significant (F(3.11, 174.01) = 24.64, p < .001).   
 
Table 8.12: Mean (standard deviation) net scores on Iowa Gambling Task 
 
 Global Block 1 Block 2 Block 3 Block 4 Block 5 
Net score  25.46  
(28.40) 
-2.75  
(8.05) 
4.07  
(7.75) 
7.12  
(7.81) 
7.59  
(9.99) 
9.49  
(9.64) 
 
                                                          
9 Response inhibition relationships were unchanged when controlling for gender, except that a correlation 
between percent correct inhibition at 350ms and total food intake was no longer significant.  
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 Mixed ANOVA showed that there were no differences between participant groups on 
global IGT score, or scores over time on individual blocks (all p > .05).  Correlation analysis 
did not show any relationship between IGT scores and any measure of food intake (all p > 
.05).   
 
8.4.6.4.3 Working memory  
Mean reaction time for correct trials, errors of omission (failing to respond to a correct 
match) and errors of commission (responding in error to an incorrect match) for the N-back 
task (2-back version) are shown for each participant group in Table 8.13.  Reaction time was 
positively correlated with errors of omission only (r = .41, p = .001).  There was no 
significant relationship between errors of omission and errors of commission (r = -.20, p = 
.13).   
There was a significant between-group difference on errors of commission (F(2, 56) = 
3.13, p = .05).  Here, the overweight group made more errors of commission than the lean 
group (mean difference 2.65, p = .06).   Correlational analysis confirmed that number of 
errors of commission was positively correlated with percent body fat (r = .26, p = .05) and fat 
mass (r = .26, p = .04), although a relationship with BMI did not reach significance (r = .24, p 
= .07).  Reaction time was also correlated with percent body fat (r = .26, p = .04).   
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Table 8.13: Mean (standard deviation) 2-back scores for each group  
 
 Lean (M, SD) Overweight (M, SD) Reduced (M, SD) 
Reaction time (ms) 490.18 (125.15) 490.49 (104.18) 497.49 (91.18) 
Errors of omission 14.40 (12.42) 12.60 (8.22) 14.37 (11.03) 
Errors of 
commission 
3.80 (2.31)* 6.45 (3.75)* 5.79 (4.15) 
*Significant difference between groups 
 
There was a positive relationship between errors of commission and total energy 
intake (r = .28, p = .04), together with a relationship between errors of commission and total 
fat intake (r = .31, p = .02), in that more errors of commission were associated with greater 
intake.  Errors of commission were also associated with greater intake (r = .29, p = .02) and 
percentage intake (r = .23, p = .04) from HFSw foods.  
Conversely, there were negative relationships between errors of omission and reaction 
time and total energy, fat and sugar intake (errors of omission: total energy r = -.35, p = .007, 
total fat r = -.35, p = .007, total sugar r = -.30, p = .02; reaction time: total energy r = -.28, p 
= .03, total fat r = -.28, p = .003, total sugar r = -.31, p = .02), in that more errors of omission, 
and faster reaction times, were associated with less intake.  Similarly, more errors of 
omission were associated with less intake (r = -.34, p = .008) and percentage intake (r = -.25, 
p = .05) from HFSw foods10.  
 
 
 
                                                          
10 These relationships were unchanged when controlling for gender.  
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8.4.6.4.4  Task-switching  
Wisconsin Card Sorting Test (WCST) performance indices (number of trials completed, 
percentage of errors, percentage of perseverative errors and percentage of non-perseverative 
errors) were examined by MANOVA.  No significant differences between groups were 
apparent on any WCST variable (F range 0.43 – 1.06, p all > .05).  See Appendix I (page 
304) for WCST scores by participant groups.  
 Correlational analysis showed a negative relationship between number of trials 
completed and total energy intake (r = -.28, p = .03) and total fat intake (r = -.31, p = .02), in 
that better performance was associated with higher intake.  A negative relationship between 
energy intake and non-perseverative errors did not reach significance (r = -.25, p = .06) but 
non-perseverative error rate was negatively correlated with fat intake (r = -.27, p = .04) and 
sugar intake (r = -.30, p = .02).  Total percentage of errors was also negatively correlated with 
fat (r = -.26, p = .05) and sugar intake (r = -.26, p = .05).  Closer examination of the 
relationship between WCST performance and food choice showed that better task 
performance was associated with greater intake of HFSw foods (number of trials: r = -.29, p 
= .02; error rate: r = -.32, p = .01; percent perseverative errors: r = -.28, p = .03; percent non-
perseverative errors: r = -.31, p = .02) and percentage of intake from HFSw foods (error rate: 
r = -.37, p = .004; percent perseverative errors: r = -.36, p = .006; percent non-perseverative 
errors: r = -.29, p = .03).  Number of trials completed only was negatively correlated with 
intake from HFSa foods (r = -.29, p = .03) and percentage of intake from HFSa foods (r = -
.29, p = .02).  Additionally, poorer task performance was associated with greater percentage 
of intake from LFSa foods (number of trials: r = .36, p = .005; error rate: r = .31, p = .02; 
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percent perseverative errors: r = .25, p = .06; percent non-perseverative errors: r = .33, p = 
.01)11.  
 
8.4.7 Relationships between measures of executive functioning  
 
Correlational analysis showed a negative relationship between inhibitory control (GoStop) 
reaction times at the 50ms interval and reaction time in the working memory (N-back) task 
(stop latency: r = -.26, p = .05; latency: r = -.28, p = .03).  There was also a negative 
relationship between GoStop processing speeds at the 150ms interval and task-switching 
(WCST) error rate (stop latency: r = -.36, p = .006; latency: r = .36, p = .005).  Errors of 
omission on the N-back task were positively correlated with all measures of performance on 
the WCST (number of trials: r = 32, p = .01; percentage of errors: r = .36, p = .005).  
Decision-making (IGT performance) was not associated with any other variable.  
 
8.4.8  Relationships between executive functioning and self control 
 
Correlational analysis showed a positive correlation between self-reported impulsivity as 
measured by the BIS-11 and inhibitory control (GoStop) processing speed at the shortest 
interval (total impulsivity x 50ms stop latency: r = .44, p = .001; total impulsivity x 50ms             
latency: r = .44, p = .001; all subscales significantly positively correlated with latency and 
stop latency).  There was a trend towards a negative relationship with latencies at this interval 
and self control as measured with the TSCS (stop latency: r = -.23, p = .09; latency: r = -.23, 
p = .09).  At the 150ms interval, slower processing speed was associated with attentional and 
                                                          
11 These relationships were largely unchanged when controlling for gender, except that relationships between 
total energy intake and WCST variables were no longer significant.   
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motor impulsivity as measured by the BIS-11 (r range .28 – .34, all p < .05)12.  Self control 
was not related to any other measure of executive functioning.   
 
8.4.9   Relationship between psychological variables and self-reported exercise level  
 
More minutes spent walking per week was correlated with faster GoStop processing speed at 
the 150ms interval (latency r = -.31, p = 02; stop latency r = -.26, p = .05) and with greater 
correct inhibition (percent) at 250ms (r = .27, p = .04).  Exercise level was not related to any 
other variable (all p > .05). 
 
8.4.10  Summary  
 
For a summary of between-group differences and trends, see Tables 8.14-8.18.  
                                                          
12 These relationships were unchanged when controlling for gender, although their strength increased.  
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Table 8.14: Summary table of between-group ANOVAs and descriptives (p < .1) 
Variable Lean (M, SD) Overweight (M, SD) Reduced (M, SD) F  p  
Walking (mins per week) 514.75 (441.12) 166.75 (155.39) 307.90 (472.88) 4.19 .02 
Stress (PSS) 15.90 (4.27) 14.11 (5.11) 18.95 (4.71) 5.16 .009 
Total energy intake (kcal)# 834.26 (273.47) 969.81 (577.67) 667.94 (335.82) 2.54  .09 
Total sugar intake (kcal)# 165.60 (59.96) 205.48 (108.68) 133.88 (84.32) 3.35 .04 
Total fat intake (kcal)# 228.41 (85.33) 262.15 (175.21) 171.22 (98.56) 2.56 .09 
HFSw foods intake (kcal) 167.0 (102.7) 265.4 (231.3) 152.6 (121.6) 2.81 .07 
Percentage of intake from HFSa  36.8 (16.8) 27.6 (13.1) 27.5 (14.0) 2.62 .08 
Percentage of intake from LFSa 24.8 (9.2) 28.9 (14.0) 34.6 (16.6) 2.55 .09 
Emotional eating (DEBQ) 1.85 (0.76) 2.34 (0.75) 2.25 (0.63) 2.63 .08 
Total impulsivity (BIS-11)  55.00 (7.75) 60.79 (8.94) 60.68 (7.50) 3.30 .04 
Motor impulsivity (BIS-11)  19.40 (2.76) 21.58 (2.69) 21.16 (3.10) 3.22 .05 
GoStop stop latency 50ms interval (ms) 121.0 (105.76) 209.1 (140.52) 196.7 (122.5) 2.93 .06 
GoStop latency 50ms interval (ms) 150.9 (130.0) 245.9 (161.4) 236.1 (140.8) 2.57 .09 
N-back errors of commission  3.80 (2.31) 6.45 (3.75) 5.79 (4.15) 3.13 .05 
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Note: PSS = Perceived Stress Scale; HFSw = high-fat sweet; HFSa = high-fat savoury; LFSa 
= low-fat savoury; DEBQ = Dutch Eating Behaviour Questionnaire; BIS-11 = Barratt 
Impulsivity Scale; # When not controlling for total energy intake. 
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Table 8.15: Summary table of variables correlated with BMI (p < .1) 
 
Variable r p 
Percent of intake from HFSw foods .26 .05 
Emotional eating (DEBQ) .29 .02 
Total impulsivity (BIS-11) .24 .07 
Attentional impulsivity (BIS-11) .29 .03 
Motor impulsivity (BIS-11) .26 .05 
N-back errors of commission  .24 .07 
Note: HFSw = high-fat sweet; DEBQ = Dutch Eating Behaviour Questionnaire; BIS-11 = 
Barratt Impulsivity Scale; TFEQ = Three Factor Eating Questionnaire  
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Table 8.16: Summary table of variables correlated with percent body fat (p < .1) 
 
Variable r p 
Percentage of intake from HFSw foods .23 .08 
HFSa foods intake (kcal)  -.26 .05 
Emotional eating (DEBQ) .47 < .001 
External eating (DEBQ) .30 .02 
Disinhibited eating (TFEQ) .37 .004 
Explicit wanting HFSa (LFPQ) -.29 .03 
N-back errors of commission  .26 .05 
N-back reaction time (ms) .26 .04 
Note: HFSw = high-fat sweet; HFSa = high-fat savoury; DEBQ = Dutch Eating Behaviour 
Questionnaire; TFEQ = Three Factor Eating Questionnaire; LFPQ = Leeds Food Preference 
Questionnaire  
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Table 8.17: Summary table of variables correlated with total food intake (p < .1) 
 
Variable r p 
External eating (DEBQ) .22 .09 
Explicit wanting HFSa (LFPQ) .24 .07 
Self control (TSCS) -.32 .02 
GoStop percent correct 350ms interval -.27 .04 
GoStop latency 50ms interval (ms) .23 .09 
GoStop stop latency50ms interval (ms) .25 .06 
N-back errors of commission  .28 .04 
N-back errors of omission  -.35 .007 
N-back reaction time (ms) -.28  .03 
WCST number of trials completed -.28 .03 
Note: DEBQ = Dutch Eating Behaviour Questionnaire; HFSa = high-fat savoury; LFPQ = 
Leeds Food Preference Questionnaire; TSCS = Tangney’s Self Control Scale; WCST = 
Wisconsin Card Sorting Test
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Table 8.18: Summary table of variables correlated with intake of HFSw foods (p < .1) 
 
Variable r p 
Total impulsivity (BIS-11) .35 .007 
Self control (TSCS) -.43 .001 
GoStop percent correct 350ms interval -.33 .01 
GoStop latency 50ms interval (ms) .31 .02 
GoStop stop latency50ms interval (ms) .28 .03 
N-back errors of commission  .29 .02 
N-back errors of omission -.34 .008 
N-back reaction time (ms) -.26 .05 
WCST number of trials completed -.29 .02 
WCST error rate  -.32 .01 
Note: TSCS = Tangney’s Self Control Scale; WCST = Wisconsin Card Sorting Test; BIS-11 
= Barratt Impulsivity Scale
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8.5 Discussion 
 
This study aimed to investigate psychological variables associated with overconsumption and 
food choice in individuals resistant or susceptible to overconsumption, while controlling for 
body composition.  It was hypothesised that overconsumption, particularly of high-fat foods, 
would be related to higher sensitivity to the rewarding properties of those foods, and to 
reduced self control.  Self control was hypothesised to be related to executive functioning.  
Regarding between-group differences related to chronic overconsumption, it was 
hypothesised that food reward sensitivity would be higher in the overweight and reduced 
groups, and self control would be higher in the lean group.  Disinhibited and emotional eating 
were hypothesised to be highest in the overweight group, and restrained eating highest in the 
reduced group.  It was hypothesised that executive functioning task performance would be 
higher in the lean group than the overweight group, with the reduced group demonstrating 
intermediate performance.   
Results showed that food reward sensitivity was associated with food intake and 
choice, but was not significantly different between groups.  Trait self control was associated 
with resistance to overconsumption both within the laboratory and on a chronic basis, with 
lean/overweight group differences.  Self control was partially associated with executive 
functioning performance, notably response inhibition processing speed and working memory 
errors of commission.  Results from other executive function tasks were mixed, but may 
reveal a within-task division implicating an impulsive responding style.  Dietary 
disinhibition, but not restraint, was associated with obesity only.   
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8.5.1 Sensitivity to food reward  
 
Analysis of sensitivity to food reward showed that wanting of each of the four categories of 
foods varying according to fat content and taste (high-fat savoury, HFSa; low-fat savoury, 
LFSa; high-fat sweet, HFSw; low-fat sweet, LFSw) was related to intake of those foods at the 
lunch meal, in that greater reward sensitivity was related to a greater proportion of foods of 
the same category consumed.  There was no clear effect of food reward sensitivity on overall 
intake at the lunch meal. However, this may reflect the nature of the food reward task used 
(the Leeds Food Preference Questionnaire), which is designed to provide a measure of food 
reward sensitivity for each food category separately.  The hypothesis of reward sensitivity 
relating to chronic overconsumption, however, was not supported, as the only apparent 
difference in reward sensitivity between groups was a higher wanting for HFSa foods in the 
lean group, contrary to expectations.  Higher wanting for HFSa foods was related to increased 
appetite.  However, as this was the case within each group, an influence of appetite cannot be 
said to account for this difference.  The overweight and reduced groups did not show the 
hypothesised elevated reward sensitivity for high-fat foods, contrary to a large body of 
evidence documenting such an effect (Davis, Strachan et al. 2004, Epstein, Lin et al. 2012).  
It is possible that this may be due in part to a slight desensitisation of dopamine receptors to 
these stimuli, following a history of overconsumption (see Davis and Fox 2008).  However, 
in the overweight group only, self-reported wanting to eat (VAS) was strongly correlated 
with total intake, as was self-reported prospective consumption.  This measure of wanting to 
eat indicates a more general food reward sensitivity, which appeared to be a strong 
determinant of intake amongst the overweight group, supporting previous research.   
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8.5.2  Food intake and choice  
 
Hypotheses regarding between-group differences in overconsumption via food intake and 
choice were partially supported, with a positive relationship observed between a higher 
proportion of HFSw foods consumed and obesity.  However, intake of HFSa foods was 
highest in the lean, rather than the overweight, group, consistent with the lean group’s higher 
reward responsiveness for HFSa foods.  The observed relationship between greater intake of 
HFSa foods and lower body fat percentage was unexpected, and may highlight a possible 
dissociation between HFSa and HFSw foods in terms of obesity risk.  Previous research 
suggests that consumption of HFSw foods in particular is associated with elevated reward 
sensitivity (Epstein, Carr et al. 2011) and HFSw foods are particularly implicated in obesity 
risk (Davis, Patte et al. 2007).  Foods high in both fat and sugar are known to have the 
strongest impact on the endogenous neural opioid system (Olszewski, Alsiö et al. 2011) and 
have been implicated in ‘addictive’ styles of eating (Avena 2011).  Furthermore, research 
suggests that the addition of sugar to a high-fat diet, more than fat alone, is an important 
mediator of diet-induced, obesity-related brain dysfunction (Francis and Stevenson 2011, 
Beilharz, Maniam et al. 2014).   
 
8.5.3  Eating behaviour traits  
 
Eating behaviour traits, notably emotional and disinhibited eating, were found to be related to 
chronic, but not acute overconsumption, except for a negative relationship between emotional 
eating and intake of HFSa foods.  This relationship may be mediated by leanness, in that 
HFSa intake was positively associated, and emotional eating negatively associated, with body 
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fat.  Both emotional and disinhibited eating were related to elevated body fat percentage and 
fat mass, indicating a role in prolonged overconsumption.  Dietary restraint, however, was 
not significantly different between groups and was not related to food intake.  This finding 
presents a departure from the results presented in Chapter 7 where dietary restraint was found 
to be negatively related with snack intake.  This may be due to the different context of eating, 
in that exercising restraint may be more involved in limiting intake of a palatable snack food 
than when choosing and eating foods in a main meal such as lunch, even if similarly palatable 
HFSw items were available in both contexts.   
 
8.5.4  Self control 
 
Analysis of self control revealed that trait self control (measured via self-reported 
impulsivity) was higher in the lean group than the overweight and reduced groups, which 
were not significantly different from each other, although the overweight group scored 
marginally lower.  This difference implicates self control as a strong factor in a psychological 
risk profile for overconsumption, which the overweight and reduced groups may share.  
Supporting this, lower self control was related to higher food intake, particularly of HFSw 
foods.  This link may suggest a potential mechanism for obesity risk, in that self control is 
associated with greater overconsumption of HFSw foods, and on a chronic basis is likely to 
lead to weight gain.  These results support a body of research showing that impulsivity tends 
to be higher in overweight and obese individuals (Hetherington 2007, e.g. Davis 2009).  The 
finding that impulsivity was not reduced in the reduced group, following weight loss, may 
suggest that self control is not easily able to be modified as a stable trait and remains an 
ongoing risk.  However, one study found that impulsivity can increase over time with weight 
gain (Sutin, Costa et al. 2013).  It is possible that levels of impulsivity are more readily able 
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to increase than decrease; or alternatively, in the case of the reduced group in the present 
study, that individuals had not maintained weight within the lean range long enough for an 
increase in self control to be observed.  The fact that a relationship between trait self control 
and obesity was observed here, but not in previous studies (Chapters 6 and 7), may reflect the 
greater range of body composition in the present study than with a cross-sectional design, 
where body composition was not specifically controlled during recruitment.   
 
8.5.5  Self control and executive function 
 
Trait self control was found to be positively correlated with one aspect of executive 
functioning, inhibitory control processing speed at the shortest task interval.  That is, greater 
self control was associated with shorter reaction times to the ‘go’ and ‘stop’ signals presented 
when the ‘stop’ signal appeared very soon after the ‘go’ signal.  This is consistent with 
research using a similar experimental paradigm, a stop-signal paradigm (Grant and Potenza 
2012) in which stop-signal reaction time as a measure of how long an individual takes to 
inhibit a response is correlated with trait impulsivity (Logan, Schachar et al. 1997).  Research 
into processing speed in response inhibition tasks in the context of attention deficit disorders 
has found slower reaction times to ‘go’ and ‘stop’ signals in these patients compared with 
controls (see Alderson, Rapport et al. 2007 for a review).  Furthermore, previous research has 
noted that processing speed is reduced in obese compared with lean individuals, and further, 
that reduced processing speed is associated with uncontrolled eating (Calvo, Galioto et al. 
2014).  It is proposed that reaction time differences in the absence of inhibition rate 
differences may reflect a more generalised deficit in cognitive processing, rather than 
behavioural inhibition (Alderson, Rapport et al. 2007).  This requires further research to 
confirm, but such a differentiation could partly explain the lack of an observed relationship 
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between trait impulsivity and task performance in terms of percentage of correctly inhibited 
responses, also previously reported (see Chapter 6).  Dougherty et al. (2009) argue that this is 
often observed, and likely to be because behavioural tasks of impulsivity tend to focus on 
unitary impulsivity, which self-report measures do not distinguish.   
 Processing speed at the shortest task interval was found to be significantly slower in 
the overweight group compared with the lean group, consistent with a similar observed 
pattern in trait self control, which was correlated with processing speed at this interval.  The 
performance of the reduced group was similar to the overweight group at the shorter 
intervals, again indicating similarities between groups in risk profile of overconsumption.  
However, there were no differences in percentage of correctly inhibited responses between 
participant groups.  Reaction time in the working memory task was also positively correlated 
with body composition.  These findings are in accordance with a body of research showing a 
relationship between obesity and deficits in cognitive processing speed, independent from 
response inhibition (Pedersen, Pedersen et al. 2012, Trollor, Smith et al. 2012, Stanek, Strain 
et al. 2013), although to date this relationship has primarily been demonstrated in older 
adults.  Processing speed at the shortest interval was also positively correlated with sugar 
intake, particularly intake of HFSw foods.  However, total energy, fat and sugar intake was 
negatively correlated with percentage of correctly inhibited responses at the longest (most 
difficult) interval, in that better inhibition was correlated with lower intake.  This indicates a 
more direct relationship between successful response inhibition and successful resistance to 
overconsumption, and is in accordance with previous research showing a relationship 
between poor response inhibition and elevated food intake (e.g. Guerrieri, Nederkoorn et al. 
2007).  Response inhibition ability at this longest interval has also been found to distinguish 
between pathological gamblers and controls (Brevers, Cleeremans et al. 2012), indicating that 
inability to inhibit inappropriate responses may be involved in a range of maladaptive 
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behaviours.  Research has also demonstrated a link between overweight and inhibitory 
control (e.g. Verdejo-Garcia, Perez-Exposito et al. 2010), although more reliably with food-
specific inhibition tasks (Batterink, Yokum et al. 2010, Houben, Nederkoorn et al. 2013).  
However, Hofmann et al. (2009) argue that response inhibition deficits may not necessarily 
be associated with elevated food intake, but that low response inhibition renders others 
factors influencing intake more important, implicating an interaction between factors.   
 
8.5.6  Executive function and overconsumption  
 
The response inhibition task was the only measure of executive function found to correlate 
with self control.  However, performance on one component of the working memory task, 
also dependent on executive function, was related to acute and chronic overconsumption.  
Analysis showed between-group differences in errors of commission made in the task, in that 
the overweight group made more commission errors than the lean group, with the reduced 
group demonstrating similar performance to the overweight group.  This is accordance with 
research showing neural differences in activation between overweight and normal-weight 
groups when performing the 2-back working memory task, although performance differences 
have not always been found (Gonzales, Tarumi et al. 2010).  Number of errors of commission 
was also positively correlated with energy and fat intake.  These relationships again may 
highlight a possible mediator of acute and chronic overconsumption, as committing errors of 
commission can be seen to be similar conceptually to unsuccessful response inhibition.  This 
finding may propose a potential common neural basis of action of an inhibition response to a 
remembered stimulus in both executive functioning tasks.    
Interestingly, another performance index of the working memory task, errors of 
omission, showed the opposite relationship with overconsumption.  Fewer errors of omission, 
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and faster reaction times, were associated with greater energy, fat and sugar intake, contrary 
to hypotheses.  Number of errors of omission only was positively correlated with reaction 
time in the task.  These findings seem to suggest a separation of processes tapped by the task, 
independent of overall working memory performance.  Errors of commission, in contrast to 
omission, may have parallels with an impulsive responding style.  Moreover, reaction time in 
the working memory task (negatively correlated with overconsumption) was found to be 
negatively correlated with reaction time or processing speed in the inhibitory control task 
(positively correlated with overconsumption).  This suggests that both may be risk factors for 
acute overconsumption.  Furthermore, slower processing on both tasks was associated with 
chronic overconsumption.  A possible separation of error types in the working memory task 
is not well documented in the literature.  However, it has been argued that the N-back task 
may not be a perfect measure of working memory, due to weak correlations with other 
working memory tasks, but may better reflect attention control (Kane, Conway et al. 2007).  
It has been argued that the N-back task may instead tap individual differences in other higher 
cognitive functions, such as fluid intelligence (Jaeggi, Buschkuehl et al. 2010).   
 Task-switching ability was not significantly different between groups; the reduced 
group showed slightly poorer performance than the lean group, with the overweight group 
intermediate.  All these differences were marginal.  However, contrary to hypotheses, task-
switching performance was positively correlated with acute overconsumption, particularly of 
HFSw foods and LFSa foods.  This finding was unexpected as it was opposite to the 
theorised direction of a relationship.  However, task-switching performance was found to 
correlate with working memory errors of omission, in that more errors of omission was 
associated with more errors in task-switching.  This may suggest a common basis underlying 
both task components, separate to the ability tapped by response inhibition processing and 
errors of commission, although the theoretical and neural basis of such a separation is 
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unclear.  Previous research using the WCST to measure task-switching has shown that 
performance is negatively correlated with BMI (Volkow, Wang et al. 2008), and impaired in 
obese individuals compared with normal-weight controls (Boeka and Lokken 2008).  
However, other studies have reported small-to-negligible effect sizes (Roberts, Demetriou et 
al. 2007).  Moreover, the WCST has not shown to be consistently accurate in identifying 
executive functioning deficits (Jodzio and Biechowska 2010) and may have low reliability 
(Vainik, Dagher et al. 2013).  
 Impairments in decision-making, specifically IGT performance, have been reliably 
linked with overweight and obesity (Pignatti, Bertella et al. 2006, Brogan, Hevey et al. 2010, 
Danner, Ouwehand et al. 2012).  However, in the present study, no such relationship was 
found.  One potential contributing factor to this result could have been education level.  It has 
been shown that controlling for education level removed an effect of BMI on decision-
making performance (Davis, Patte et al. 2010).  In the present study, participant groups were 
matched on education level and all participants were generally highly educated, which may 
have played a role in the observed lack of effect.  The fact that decision-making ability was 
not linked to inhibitory control supports research suggesting that each task may be linked to a 
different neurocognitive mechanism: response inhibition to monitoring, and decision-making 
to self-regulation.  These can be seen as separate components of self control (Perales, 
Verdejo-García et al. 2009).   
 Taken together, the findings of the executive functioning measures partially support a 
hypothesised relationship between executive impairment and chronic overconsumption.  
Obesity was associated with impairment as indicated by reduced inhibitory control 
processing speed at the shortest interval, and more errors of commission in the working 
memory task.  However, it must be noted that these relationships were with selective indices 
within each task, and there was no relationship between overweight and performance in the 
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other two executive domains (decision-making and task-switching).  It is possible that these 
results were influenced by the reduced power inherent to a modest sample size, which may 
have resulted in the lack of consistency in between-group differences.  However, this partial 
support appears to reflect somewhat unreliable relationships between executive function and 
overconsumption within the literature (see Smith, Hay et al. 2011, Vainik, Dagher et al. 2013 
for reviews), possibly due to a separation of types of executive functioning within each 
neuropsychological task.  However, a documented effect of improvements in executive 
functioning task performance connected with weight loss (e.g. Siervo, Arnold et al. 2011) 
was not supported by the present study.  With the measures of inhibitory control and working 
memory that showed an effect of obesity-related impairment, the reduced participant group 
demonstrated performance similar to the overweight group, rather than the lean group.  This 
does not support a hypothesised attenuation in impairment with weight loss.  Whether this 
finding suggests that executive functioning impairments are more linked to psychological 
factors associated with overconsumption risk than physiological factors, however, remains to 
be definitively established.   
 
8.5.7  The effect of weight loss: The reduced group  
 
Other hypotheses regarding the reduced group, that those individuals would demonstrate 
elevated dietary restraint and elevated reward sensitivity for high-fat foods, were also not 
supported.  The reduced group scored marginally more highly on dietary restraint than the 
lean group, but the difference was not significant.  Similarly, there was no between-group 
difference in food reward sensitivity, as suggested by previous studies (e.g. Gilhooly, Das et 
al. 2007).  Previous research has found that weight loss maintenance is associated with higher 
fasting hunger (Doucet, Imbeault et al. 2000, Doucet, St-Pierre et al. 2003) and a reduction in 
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satiation response to foods (Kissileff, Thornton et al. 2012).  In the present study, however, 
no such differences were observed: the reduced group reported slightly greater baseline 
hunger, but this was non-significant.  Fullness scores post-meal were also not significantly 
different between groups.  However, unlike the other participant groups, intake in the reduced 
group was not significantly correlated with any measure of appetite.  In the overweight group, 
by contrast, there was a strong positive correlation between food intake and reported wanting 
to eat, and intake in the lean group was correlated with baseline hunger.  This difference may 
suggest that intake in the reduced group was unconnected with appetite, but instead 
controlled by more cognitive factors, such as an amount deemed appropriate for weight 
maintenance.  External factors may also have played more of a role in determining meal size 
in the reduced group.  For example, in the reduced and overweight groups only, amount eaten 
was correlated with meal duration (see Appendix I, page 296).  It is unclear whether this 
relationship indicates a more consistent eating speed in these groups, or alternatively whether 
intake in the lean group was more strongly connected to internal appetite sensations, with 
meal duration or eating speed less relevant.   
 The observed lack of support for predictions regarding the reduced group may be 
influenced by factors associated with the magnitude of weight loss in this group and time 
since weight loss, which were not tightly controlled in the present study due to practical 
constraints.  The reduced group was required to have formerly had a BMI within the 
overweight range, with a current BMI within the normal range, and weight stability was not 
controlled.  This lack of control may have resulted in a somewhat heterogeneous group, with 
some individuals more resistant to overconsumption than others.  This heterogeneity could 
explain the lack of consistency of this group in similarities with either the overweight or the 
lean group.  In particular, a relatively short time spent in the normal-weight category 
compared with the overweight or obese category may partially account for the lack of 
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improvement in tasks of executive functioning compared with the overweight group.  One 
study by Hassenstab et al. (2012) using a similar three-group experimental design did control 
for weight stability of the reduced group more tightly, and reported a partial return to normal 
of prefrontal cortical thickness in the reduced participant group, which has been associated 
with greater executive function ability (Yuan and Raz 2014).   
Future work in this area would also benefit from a direct assessment of hormone 
levels that have been linked to cognitive functioning and reward responsiveness, such as 
insulin (Bove, Brick et al. 2013) and ghrelin (Malik, McGlone et al. 2008), in order to verify 
differences between participant groups.  Hormonal assessment would also more accurately 
quantify the physiological status of the reduced group in comparison to the overweight and 
lean groups.  Regarding psychological differences between groups, research directly 
evaluating neural activation during cognitive tasks would be beneficial in order to uncover 
any between-group differences in activation, which may indicate increased effort without 
apparent differences in task performance.  Imaging research could also identify whether 
different components of executive functioning tasks, for example theoretically different 
components of response inhibition, depend on similar or separate neural substrates.  This 
analysis could elucidate proposed divisions within cognitive and executive abilities and their 
relationships with overconsumption.   
 
8.5.8  Conclusion  
 
In conclusion, this study aimed to identify the factors associated with overconsumption in 
terms of food choice, in individuals known to be susceptible and resistant to 
overconsumption.  It attempted to distinguish between factors influenced by physiology by 
controlling for body composition amongst susceptible individuals.  It was found that 
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overconsumption, particularly of high-fat sweet foods, was associated with greater reward 
responsiveness for those foods and with lower self control.  A difference in self control was 
also demonstrated between individuals differing in resistance to overconsumption (lean vs. 
overweight), and partially supported by differences in executive functioning in terms of 
response inhibition processing speed and working memory errors of commission.  Self 
control may be a mediating variable between acute and chronic overconsumption.  There was 
no conclusive effect of weight loss in individuals with a history of overconsumption 
susceptibility, potentially suggesting that psychological factors associated with 
overconsumption may not be dependent on physiological state.  However, heterogeneity of 
weight loss means an effect cannot be definitively established or refuted.  This remains a 
useful avenue for exploring the malleability of cognitive factors affecting resistance to 
overconsumption, and would be aided by closer identification of the precise physiological 
factors involved.   
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Chapter 9: Individual differences in psychological factors and 
overconsumption in response to an exercise intervention 
 
 
9.1 Overview 
 
It is known that exercise creates an energy deficit, aiding energy balance, and may also 
counteract obesity-induced inflammation associated with neuropsychological impairment.  
However, overconsumption in the form of dietary compensation has been reported in 
response to exercise in some individuals, cancelling out the deficit.  This may contribute to a 
lower than expected weight loss with exercise.  The psychological factors associated with 
overconsumption in response to exercise have received little attention.  This exploratory 
study of 15 sedentary, overweight males aimed firstly to investigate whether psychological 
factors associated with resistance to overconsumption could be improved through a four-
week supervised exercise intervention.  It was hypothesised that inhibitory control and 
dietary restraint would increase following the exercise intervention, and that dietary 
disinhibition would decrease.  The study aimed secondly to examine psychological predictors 
of exercise-induced overconsumption.  It was hypothesised that there would be variability in 
fat loss following the intervention, and that low loss, due to dietary compensation, would be 
related to low inhibitory control, low restraint, high sensitivity to reward and low 
disinhibition.  Results may clarify the capacity of exercise to improve cognitive factors 
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involved in resistance to overconsumption, and the mechanisms involved in maintaining 
overconsumption in response to an energy deficit.   
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9.2  Introduction 
 
Experimental evidence so far (Chapters 5-8) shows predictive associations between self 
control, sensitivity to food reward and trait eating behaviours, notably dietary restraint and 
disinhibition, with both acute (Chapters 6 and 7) and chronic (Chapter 8) overconsumption 
that have been reported by others (Hetherington 2007 for reviews, see Davis 2009, Epstein, 
Salvy et al. 2010).  Individual differences in these psychological factors are likely to depend 
partly on underlying neural substrates (Joseph, Alonso-Alonso et al. 2011).  Particularly 
implicated are the prefrontal cortex (PFC) subserving inhibitory control, notably the dorso-
lateral prefrontal cortex (dlPFC (Tanji and Hoshi 2008, Hollmann, Hellrung et al. 2011, 
Dixon and Christoff 2014); the striatum, implicated in a dopaminergic network associated 
with reward response (Beaver, Lawrence et al. 2006, Fulton 2010); the orbito-frontal cortex 
(OFC) underlying reward valuation (Hollmann, Hellrung et al. 2011), and interactions 
between these areas (Appelhans 2009).  Consequently, a body of research has demonstrated 
neurocognitive dysfunction in these areas in obesity, associated with deficits in relevant 
psychological correlates (see Bruce-Keller, Keller et al. 2009, Carnell, Gibson et al. 2011, 
Smith, Hay et al. 2011, Stanek, Strain et al. 2013, Vainik, Dagher et al. 2013 for reviews, 
Liang, Matheson et al. 2014).   
 Premorbid differences in these neural pathways and associated neurotransmitters are 
partly genetic (Stice, Yokum et al. 2010, Carr, Lin et al. 2013).  However, neural integrity 
and function can be altered by lifestyle factors.  Research has shown associations between 
factors such as diet quality and composition, particularly fat consumption, and neural 
structure and function in areas associated with reward (Cohen, Yates et al. 2011, Francis and 
Stevenson 2011, Hall 2012, Kesse-Guyot, Andreeva et al. 2012, Gibson, Barr et al. 2013).  
Habitual physical activity levels and aerobic fitness have also been associated cross-
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sectionally and longitudinally with cognitive function and performance (Colcombe, Kramer 
et al. 2004, Weuve, Kang et al. 2004, Szabo, McAuley et al. 2011, Holzschneider, Wolbers et 
al. 2012, Wu and Hillman 2013, Fulcher, Alosco et al. 2014, Padilla, Pérez et al. 2014), 
although associations have not always been consistent (Etnier, Nowell et al. 2006).  Whilst it 
is not possible to separate genetic from lifestyle factors determining overall neurocognitive 
function, intervention studies, primarily in animal models, are able to demonstrate a more 
causal detrimental impact of a high-fat, high-sugar diet and sedentariness on brain function 
(Jurdak, Lichtenstein et al. 2008, Jurdak and Kanarek 2009, Davidson, Monnot et al. 2012, 
Woo, Shin et al. 2013).  This has also been demonstrated in humans (Edwards, Murray et al. 
2011, see Francis and Stevenson 2013 for a review).   
Conversely, intervention studies also support an amelioration of neurocognitive 
function by exercise.  A single bout of acute exercise tends to induce, rather than reduce, 
inflammatory factors (Martins, Robertson et al. 2008, Roig, Nordbrandt et al. 2013, Deighton 
and Stensel 2014) and, for simplicity, is not discussed here.  Several studies have 
demonstrated that prescribed exercise, lasting between 13 weeks and one year, resulted in 
improvements in cognitive (particularly executive) task performance and associated neural 
activity in a dose-response manner, in that neural improvements are associated with increases 
in aerobic fitness (Kramer, Hahn et al. 1999, Smith, Blumenthal et al. 2010, Voss, Prakash et 
al. 2010, Davis, Tomporowski et al. 2011).  Increases in volume of associated neural 
structures were also observed (Colcombe, Erickson et al. 2006).  Examination of the 
mechanisms underlying increased cognitive performance suggests that chronic exercise 
facilitates neural plasticity (Hötting and Röder 2013, Roig, Nordbrandt et al. 2013, Voelcker-
Rehage and Windisch 2013), integral to brain function.  Exercise has also been shown to 
reduce markers of oxidative stress, which is known to contribute to neural impairment 
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(Gutierrez-Lopez, Garcia-Sanchez et al. 2012, Danielsen, Svendsen et al. 2013, Samjoo, 
Safdar et al. 2013). 
 Together, this evidence suggests that psychological factors associated with 
overconsumption, and resistance to it, can be modified through lifestyle factors, notably 
exercise engagement.  Increasing the influence of resistance factors, such as self control, 
through improving aerobic fitness may therefore be an approach to improve resistance to 
overconsumption.  The minimum duration of exercise has not been definitively established, 
although significant changes in cognitive function and physiological profiles have been 
observed after twelve weeks (Bryant, Caudwell et al. 2012).  Moreover, exercise 
interventions have also been shown to affect psychological factors other than executive 
function that are also implicated in overconsumption, notably reward sensitivity and appetite 
control.   Cornier et al. (2012) observed a reduction in neural response to images of food 
following six months of exercise; however, other studies have not reported consistent 
changes in food reward sensitivity (Finlayson, Caudwell et al. 2011, Hopkins, Gibbons et al. 
2014).  One study reported changes in appetite following a twelve-week exercise 
intervention, in that hunger was increased in the fasted state, but that food also had a greater 
satiating effect (King, Caudwell et al. 2009), suggesting a sensitisation of appetite.  However, 
a change in subjective appetite has not been consistently observed (Martins, Truby et al. 
2007, Cornier, Melanson et al. 2012), indicating that its role may be more complex.  
 One confounding factor in exercise interventions is that they often incur an energy 
deficit, through increasing energy expended.  Evidence shows that, on average, exercise-
induced energy deficits are only partially compensated for by increases in energy intake 
(Woo, Garrow et al. 1982), often in the order of around 30% (Stubbs, Sepp et al. 2002, 
Whybrow, Hughes et al. 2008).  However, energy balance coupling may become more 
accurate as the exercise intervention progresses (Martins, Truby et al. 2007).  In the short 
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term, energy deficits are associated with a reduction in factors associated with dysregulation 
across the blood-brain barrier (see Bruce-Keller, Keller et al. 2009, Chan, Yan et al. 2013 for 
reviews).  On a chronic basis, a negative energy balance leads to a reduction in adipose tissue 
(Giordano, Smorlesi et al. 2014), which is associated with a decrease in circulating leptin 
(Havel, Kasim-Karakas et al. 1996); itself associated with reductions in reward-driven 
overconsumption (Farooqi, Bullmore et al. 2007).  It is therefore possible that the weight loss 
that often accompanies increases in aerobic fitness during exercise interventions may also 
play a role in observed changes in cognitive function and appetite.  Further research is needed 
to determine the independent and combined effects of aerobic fitness and energy balance on 
factors associated with increased resistance to overconsumption, although it is acknowledged 
that cross-sectional studies examining links between aerobic fitness and cognitive function in 
non-obese individuals may also contribute knowledge.  
However, evidence shows that although exercise interventions often produce weight 
loss across the participant sample on average, mean values obscure wide individual 
variability in body composition changes in response to exercise-induced energy deficits (see 
Blundell, Stubbs et al. 2005, King, Horner et al. 2012, King, Horner et al. 2013 for reviews).  
This variability implies individual differences in compensation for exercise-induced energy 
deficits via variability in energy intake.  Maintenance of body weight, particularly body fat, 
during supervised energy expenditure indicates a necessary increase in energy intake in order 
to remain in balance.  This represents a form of overconsumption in response to the imposed 
energy deficit.  The factors associated with this variability in dietary compensation are 
therefore of interest.  Two studies have identified that lower than expected fat loss following 
a twelve-week exercise intervention, indicative of dietary compensation, is associated with 
greater food reward sensitivity, particularly for high-fat sweet (HFSw) foods (Finlayson, 
Caudwell et al. 2011, Hopkins, Gibbons et al. 2014).  Furthermore, trait eating styles have 
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been found to play a role.  One study found that disinhibited eating was associated with 
overconsumption during an exercise intervention (Keim, Canty et al. 1996).  A decrease in 
disinhibition has also been shown to occur with exercise-induced weight loss (Bryant, 
Caudwell et al. 2012), as has an increase in dietary restraint (Bryant, Caudwell et al. 2012, 
Danielsen, Svendsen et al. 2013).  The mechanisms underlying these changes are currently 
unknown.  However, it is possible that increases in restraint may be linked to improved 
functioning of the PFC, given that evidence suggests that dietary restraint may share a neural 
basis with inhibitory control (DelParigi, Chen et al. 2006).  The role of self control in 
overconsumption in response to an exercise-induced energy deficit, however, has not been 
investigated.   
This study aimed to address this knowledge gap by investigating whether individual 
differences in psychological factors prior to exercise engagement could predict 
overconsumption in response to an exercise-induced energy deficit, and whether these factors 
would be modified during the course of the intervention, with a view to improving resistance 
to overconsumption.  An opportunity exists here to identify strategies to prevent or reduce a 
compensatory increase in food intake through determining the psychological factors 
associated with an orexigenic response to exercise-induced energy deficits.  The study also 
aimed to investigate whether any changes in psychological factors following the exercise 
intervention would be associated with changes in body composition and aerobic fitness, or 
either of these factors independently.    
It was hypothesised that: 
 Acute (food intake) and chronic (body composition) overconsumption would be 
associated with lower inhibitory control and lower dietary restraint, and higher 
sensitivity to food reward and higher disinhibition 
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 Changes in these factors would be observed following the exercise intervention, 
notably an increase in inhibitory control, decrease in disinhibition and increase in 
dietary restraint, possibly accompanied by increased sensitisation of appetite  
 The exercise intervention would result in a mean reduction in body weight and fat 
mass, accompanied by inter-individual variability  
 Changes in body composition following the exercise intervention would be predicted 
by psychological measures at baseline, particularly inhibitory control, dietary 
restraint, sensitivity to reward and disinhibited eating.   
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9.3 Methods 
 
9.3.1  Participants 
 
Fifteen overweight or obese, sedentary male adults were recruited through the Queensland 
University of Technology and surrounding areas to take part in a larger study assessing the 
impact of a four week exercise programme on appetite.  The sample had a mean age of 31.13 
years (SD = 8.41; range 24-56) and a mean BMI of 29.70 kg/m² (SD = 3.34; range 25.10-
36.14).  Participants were required to be weight-stable with a BMI between 25 and 40 kg/m², 
not diabetic, not taking medication affecting appetite, not vegetarian or vegan or suffering 
from serious food allergies.  They were required to have a sedentary occupation, and not 
engage in exercise more than once per week.  Research was approved by the University 
Human Research Ethics Committee.     
 
9.3.2 Measures 
 
9.3.2.1 Inhibitory control 
Inhibitory control was measured using the GoStop task (Dougherty, Mathias et al. 2005), 
which is a computerised task assessing ability to inhibit an automatic response when a ‘stop’ 
signal is presented.  The GoStop has been described in further detail in Chapter 6; see 
Appendix A (page 237) for all measures and task instructions.  
 
9.3.2.2 Sensitivity to food reward 
Sensitivity to food reward was measured using the Leeds Food Preference Questionnaire 
(LFPQ; Finlayson, King et al. 2007).  The LFPQ has been described in detail in Chapter 6.  
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Here, explicit and implicit wanting were used, in both of which higher scores indicate greater 
wanting.   
 
9.3.2.4  Eating behaviour traits   
Dietary restraint and disinhibited eating were assessed using the Three Factor Eating 
Questionnaire (TFEQ-D and TFEQ-R; Stunkard and Messick 1985).  The properties of the 
TFEQ have been described in Chapter 8.   
 
9.3.2.5  Assessment of subjective appetite, mood and palatability  
Self-reported hunger, fullness, desire to eat, alertness and contentment were assessed using 
visual analogue scales (VAS) in an identical format to that described in Chapter 6.  
Palatability of the test food was assessed using a VAS with the question ‘How tasty did you 
find the meal?’.   
 
9.3.2.6  Food intake  
Food intake was assessed via a single-item lunch meal presented ad libitum.  An oven-baked 
pasta dish consisting of penne pasta (Woolworths Select), grated cheese (Woolworths Tasty 
Cheese) and pre-mixed tomato-based pasta sauce (Woolworths Chunky Pasta Sauce) was 
presented to participants in a white ceramic dish (approximately 1200g, containing 1.8 
kcal/gram).  Test foods were chosen to accord with previous experiments in a separate PhD 
programme (see Horner 2013).  Participants were given a standardised serving spoon, plate 
and cutlery, and instructed to serve themselves and eat as much as they wished until they 
were comfortably full.  Energy consumed (in kcal) was calculated by weighing the serving 
dish plus any left-over food before and after the meal.   
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9.3.2.7  Body composition  
Height (in centimetres, to the nearest millimetre) and weight (in kilograms, to the nearest 
tenth of a kilogram) were measured while participants were wearing minimal clothing and 
used to calculate body mass index (BMI).  Fat mass (kg), fat free mass (kg) and fat and fat 
free mass percentages were measured via air displacement plethysmography (BodPod, 
COSMED USA).   
 
9.3.2.8  Exercise programme 
The exercise programme consisted of five individually supervised indoor sessions per week 
cycling on a stationary exercise bicycle, with each session lasting between 30 and 45 minutes 
(increasing from 30 minutes by 5 minutes per week).  The exercise schedule consisted of 
alternating sessions of moderate-intensity continuous exercise (at 50% VO2 max) and high-
intensity interval exercise (one-minute blocks comprising 30 seconds at 100% VO2 max 
followed by 30 seconds of rest).  An experimenter was present at all times to ensure that 
participants fully engaged in the exercise load.     
 
9.3.3  Design 
 
This study formed part of a larger study examining the effects of exercise on gastric emptying 
that was designed by Dr Katy Horner (thesis entitled 'Gastric emptying, appetite, energy 
intake and exercise in males'; Horner 2013).  SHF included psychological components, 
assisted with appetite data collection and analysed the data presented in this thesis.  KH 
supervised the exercise intervention and collected the body composition data.  The sample 
size was calculated according to ability to detect change in gastric emptying (see Horner, 
2013).   
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Participants completed four weeks of supervised exercise sessions preceded and 
followed by two identical laboratory visits comprising psychological and appetite assessment.  
Body composition was also measured before and after the exercise programme on a separate 
day to the appetite test day, in addition to maximal oxygen consumption (VO2 max) 
assessment in order to determine exercise parameters.  Test days were at least 48 hours apart 
from exercise sessions in order to control for the effects of acute exercise on measurements.  
This resulted in all measurements being taken at two time-points: before (Time 1) and after 
(Time 2) four weeks of exercise.   
 
9.3.4  Procedure 
 
This data collected formed part of a larger project examining the effects of exercise on gastric 
emptying.  For details of the larger project, see Horner (2013).  Following telephone and in-
person screening and informed consent procedures, participants attended the laboratory 
having fasted overnight for the first body composition assessment, including the TFEQ.  On a 
separate day, participants completed the appetite and psychological measures (both days 
forming Time 1).  Participants arrived in the morning having fasted for at least 12 hours 
(confirmed via self-report on arrival) and completed a baseline appetite and mood VAS 
measurement followed by the LFPQ.  They were provided with a fixed 400-kcal breakfast 
(pancakes with strawberry jam) followed by a second VAS.  Participants were required to 
remain sedentary in the laboratory until the ad libitum lunch meal was provided, five hours 
after the fixed breakfast.  The GoStop task was administered three hours after the fixed 
breakfast.  Immediately before the lunch meal, further VAS measurements were taken.  After 
it, participants completed VAS ratings of appetite and palatability of the lunch meal.  
Following these body composition and appetite test days (Time 1), participants began the 
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four week supervised exercise programme.  They were instructed to, as far as possible, 
refrain from making changes to their diet and activity patterns during this time.  At least 48 
hours following the final exercise session, participants completed an identical procedure of 
both the body composition and appetite test days (Time 2).  See Figure 9.1 for a schematic of 
the experimental sessions. 
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Figure 9.1: Schematic overview of test sessions   
Notes: VO2 max = aerobic fitness; TFEQ-D = Three Factor Eating Questionnaire, 
Disinhibition subscale; VAS = visual analogue scale; LFPQ = Leeds Food Preference 
Questionnaire.  All measures were administered in a fixed order.   
 
9.3.5  Data analysis  
 
Body composition at baseline (Time 1) was explored using descriptive statistics and 
correlational analysis.  Relationships between baseline body composition variables, aerobic 
fitness and psychological variables (disinhibited and restrained eating, food reward 
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sensitivity, inhibitory control and appetite) were examined using correlational analysis.  
Relationships between these psychological variables and food intake at baseline were also 
examined using correlational analysis.  Effects of the exercise intervention on psychological 
variables, food intake and body composition were examined using paired t-tests.  
Relationships between post-intervention psychological variable scores and post-intervention 
body composition were examined using correlational analysis.  Food intake pre and post 
intervention was compared using paired t-tests.  Relationships between post-intervention 
psychological variable scores and food intake were also analysed using correlational analysis.   
 To determine energy expenditure and expected weight loss resulting from the exercise 
intervention, individual energy expenditure regression equations were developed for each 
participant by Horner (private correspondence) for each participant separately using heart rate 
and energy expenditure parameters during the last 30 seconds of each stage of the VO2 max 
test.  Exercise session heart rate was inserted into individual regression models to predict 
energy expenditure during the exercise sessions.  Total expected weight loss was calculated 
following King et al. (2008).  To examine predictors of post-intervention body composition, 
the relationship between baseline (Time 1) psychological variable scores to post-intervention 
(Time 2) body composition variables were first analysed using correlational analysis.  
Significantly correlated variables were entered into a linear regression model to determine 
their predictive ability.  Finally, psychological predictors of change in body composition 
variables (from Time 1 to Time 2) were correlated with baseline (Time 1) psychological 
variables scores in order to examine the influence of these variables on magnitude of body 
composition change following the exercise intervention.  All statistical analyses were 
performed using SPSS version 21.0 (IBM, Chicago).  Significance was tested at p < .05. 
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9.4  Results 
 
9.4.1  Adherence to exercise programme 
 
On average, participants completed 96% of scheduled exercise sessions, with all participants 
completing a minimum of 90% (18 of 20) of scheduled supervised sessions during the four 
week intervention period.   
 
9.4.2  Effects of exercise intervention on body composition  
 
Table 9.1 shows mean body composition and aerobic fitness measurements at baseline (Time 
1) and after the exercise intervention (Time 2).  Body mass index (BMI), percent body fat and 
fat mass all showed small but significant mean decreases following the exercise intervention, 
and aerobic fitness significantly increased.  Aerobic fitness was significantly negatively 
correlated with body composition (see Appendix J, page 305 for data relating to aerobic 
fitness).   
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Table 9.1: Mean (standard deviation) and range of body composition measurements and 
aerobic fitness at baseline (Time 1) and after the exercise intervention (Time 2) 
 
 Time 1 
Mean (SD) 
Time 2 
Mean (SD) 
Change t p 
Mean (SD)  Range 
BMI (kg/m²) 29.70  
(3.34) 
29.27  
(3.20) 
-0.42 
(0.37) 
-0.88 – 
0.10 
4.34 .001 
Fat % 29.97  
(6.84) 
29.03  
(6.66) 
-0.93 
(1.28) 
-4.30 – 
1.10 
2.82 .02 
Fat mass (kg) 29.31  
(9.63) 
28.02  
(9.67) 
-1.30  
(1.30) 
-3.81 – 
0.81 
3.87 .002 
Lean mass (kg) 66.44  
(7.07) 
66.70  
(6.76) 
0.26 
(1.45) 
-1.88 – 
3.55 
-0.70 .49 
VO2 max 
(ml/kg/min) 
34.30 
(5.94) 
38.69 
(5.90) 
4.40  
(2.10) 
1.05 – 
8.45  
8.10 < .001 
Fat % = Percent body fat 
 
Although mean values of body composition significantly decreased, there was 
considerable individual variability in change in body composition (see Figure 9.2).  Changes 
in percent body fat and fat mass were strongly correlated (r = .81, p <.001).  However, 
change in BMI was not correlated with either change in percent body fat or fat mass (p > .05), 
probably due to variability in change in lean mass pre- and post-intervention (range -1.88 – 
3.55 kg), which influenced total body weight and therefore BMI.   
Mean total energy expenditure during the exercise intervention was 8369 kcal (range 
5990 – 12665 kcal).  Mean expected weight loss, assuming no compensation for exercise-
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induced energy expenditure, was 1.1 kg (range 0.8 – 1.6 kg). Lower than expected weight 
loss therefore suggests compensatory increases in energy intake in the form of dietary 
overconsumption during the intervention, as accelerometer-based physical activity data (not 
presented here; see Horner, 2013) did not show a change in other energy expenditure over the 
course of the intervention.  Nine participants lost less weight than expected and six lost more 
than expected according to the prediction calculation (see King, Hopkins et al. 2008).  
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Figure 9.2: Individual variability in change in (a) fat mass and (b) percent body fat before and 
after the exercise intervention (between Time 1 and Time 2).  Following King et al. (2007), 
bars represent individual values  
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9.4.3  Effects of exercise intervention on psychological variables  
 
Table 9.2 shows psychological measurements at baseline (Time 1) and after the exercise 
intervention (Time 2).  Significant changes were not observed in any variable, with a 
marginal increase observed in dietary restraint, a marginal decrease in disinhibition, and 
improvements in inhibitory control in three out of the four intervals.  There were marginal 
increases in explicit wanting overall and implicit wanting of savoury food categories, and 
slight decreases in implicit wanting for the sweet food categories.   
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Table 9.2: Mean (standard deviation) psychological measurements at baseline (Time 1) and 
after the exercise intervention (Time 2) 
 
 Mean (SD)   
 Time 1 Time 2 t p 
Disinhibition 5.93 (2.40) 5.13 (2.59) 1.42 .18 
Restraint 5.87 (3.54) 6.73 (3.41) -1.32 .20 
Implicit reward HFSw 3.84 (28.93) 5.39 (32.42) 0.37 .72 
Implicit reward LFSw 6.55 (21.34) 2.14 (21.59) -0.87 .34 
Implicit reward HFSa 5.84 (32.96) 6.52 (25.66) 0.13 .90 
Implicit reward LFSa -16.23 (29.61) -14.05 (25.95) 0.54 .60 
Explicit reward HFSw 49.08 (21.05) 49.38 (20.33) 0.07 .95 
Explicit reward LFSw 55.23 (16.22) 48.60 (17.86) -1.33 .21 
Explicit reward HFSa 40.21 (23.20) 46.75 (23.48) 1.33 .21 
Explicit reward LFSa 42.63 (20.86) 39.72 (18.79) -0.66 .52 
Inhibitory control 50ms  65.31 (29.50) 72.96 (26.46) 0.99 .34 
Inhibitory control 150ms  44.39 (26.90) 53.57 (22.54) 1.65 .12 
Inhibitory control 250ms  30.61 (21.60) 29.59 (18.55) -0.22 .83 
Inhibitory control 350ms  20.41 (23.42) 22.45 (16.30) 0.32 .75 
 
 There were no significant changes in VAS appetite ratings, although there was a trend 
towards an increase in post-breakfast hunger following the exercise intervention (mean 
difference 9.1mm, t(14) =-2.07, p = .06).  Mean temporal profiles of VAS appetite ratings at 
baseline and post-intervention are shown in Figure 9.3.  Reduction in appetite following the 
fixed breakfast meal (satiety quotient) was not significantly different pre- and post-
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intervention (mean difference in decrease in hunger = 1.9mm, mean difference in increase in 
fullness = -2.5mm, mean difference in decrease in wanting to eat = -7.7mm, all p > 0.5).   
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Time-point 1 = pre-breakfast; Time-point 2 = post-breakfast; Time-point 3 = pre-lunch; 
Time-point 4 = post-lunch.  
 
Figure 9.3: Mean VAS appetite ratings at baseline (Time 1) and post-exercise intervention 
(Time 2) of (a) hunger, (b) fullness and (c) wanting to eat   
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.21; fat mass r = -.32, p = 24).  There was a negative correlation between BMI and implicit 
wanting of HFSw foods, although a relationship with percent body fat and fat mass failed to 
reach significance (BMI r = -.55, p = .04; percent body fat r = -.49, p = .06; fat mass r = -.47, 
p = .07).   
There was a positive correlation between percent body fat and inhibitory control 
(percentage of correctly inhibited responses) at the 50ms interval only (r = .56, p = .04), but a 
relationship between inhibitory control at this interval and fat mass failed to reach 
significance (r = .30, p = .30) and was not observed with BMI (r = .19, p = .52).  No other 
measures of inhibitory control, latency or stop latency were correlated with any measure of 
body composition (all p > .05).  However, inhibitory control at the 50ms interval was 
negatively correlated with dietary restraint (r = -.68, p = .007).    
 
9.4.5  Association between food intake and psychological measures at baseline (Time 1) 
 
Mean intake at the ad libitum lunch meal at baseline was 705.4 (SD 171.0) kcal.  Food intake 
was not related to body composition, nor to any measure of appetite, nor to reported liking of 
the test food (r range -.24 – .24, p all >.05).   
 Food intake at baseline was not correlated with any measure of eating behaviour traits 
or inhibitory control (p all >.05).  However, intake was positively correlated with explicit 
wanting for HFSw foods (r = .56, p = .04).  A trend towards a relationship between intake 
and explicit wanting for LFSw foods did not reach significance (r = .47, p = .08).   
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9.4.6  Association between post-exercise intervention body composition and 
psychological variables (Time 2) 
 
Following the exercise intervention, the lack of significant relationships between body 
composition, trait eating styles and inhibitory control observed at baseline were unchanged (p 
all >.05), as was the negative correlation between body composition variables and implicit 
wanting for HFSw foods (BMI r = -.72, p = .003; percent body fat r = -.63, p = .01; fat mass r 
= -.62, p = .02).  Post-intervention, there was also a positive correlation between body 
composition and implicit wanting for LFSa foods (BMI r = .71, p = .003; percent body fat r = 
.56, p = .02; fat mass r = .64, p = .01), in that greater body fat was associated with greater 
wanting for LFSa foods.  
 
9.4.7  Association between post-exercise intervention food intake and psychological 
variables (Time 2) 
 
Food intake was significantly increased following the exercise intervention (mean intake at 
Time 2 = 875.15 kcal vs. Time 1 = 705.35 kcal, t(14) = 5.67, p < .001).  Intake at this Time 2 
was not correlated with any measure of appetite, except for a negative correlation between 
intake and fasting fullness (r = -.61, p = .02).  Food intake was not correlated with any other 
measure, nor with body composition, although there was a trend towards a negative 
relationship with restrained eating (r = -.45, p = .09).  There were also trends towards 
negative relationships between intake and response inhibition at the shortest intervals only 
(50ms r = -.43, p = .13; 150ms r = -.47, p = .09), in that less intake was associated with better 
performance.  
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9.4.8  Psychological predictors of body composition post-exercise intervention and 
predictors of change in body composition pre- and post-intervention  
 
Baseline (Time 1) disinhibited eating was positively correlated with percent body fat post-
intervention (r = .58, p = .02).  Implicit wanting of HFSw foods at baseline (Time 1) was 
negatively correlated with percent body fat (r = -.53, p = .04) and fat mass (r = -.51, p = .05) 
following the exercise intervention.  A regression model containing these two variables 
showed that both disinhibited eating and implicit wanting of HFSw foods at baseline 
significantly predicted percent body fat after the exercise intervention (see Table 9.3).  
 
Table 9.3: Linear regression of predictors of percent body fat after the exercise intervention   
 
Change in percent body fat was positively correlated with increased energy intake at 
Time 2 (r = .52, p = .05), in that higher percent body fat was associated with greater food 
intake following the exercise intervention.  Changes in percent body fat and fat mass were not 
significantly correlated with any measure of appetite, change in appetite following the 
exercise intervention, or change in appetite following the fixed breakfast following the 
       Unstandardised    Standardised   
t 
 
 F p B S.E. Beta p 
(Constant) 6.44 .01 21.23 3.63  5.85 < .001 
Disinhibition   1.38 0.57 0.50 2.45 .03 
Implicit wanting 
HFSw    
  -0.10 0.05 -0.44 -2.14 .05 
        
203 
 
exercise intervention (change in satiety quotient of the fixed breakfast; r range -.33 – .03, p 
all > .05). 
  
204 
 
9.5  Discussion 
 
This study had two main aims.  First, to investigate whether certain psychological factors 
linked to overconsumption could be modified by an exercise intervention, following the 
hypothesis that exercise facilitates optimal functioning of neural areas involved in resisting 
overconsumption, and secondly, whether individual differences in psychological variables at 
baseline would predict changes in body composition following an exercise intervention.   
 At baseline, disinhibited eating tendency was positively associated with body fatness, 
an indicator of chronic overconsumption.  This is in accordance with research showing 
positive correlations between disinhibition and BMI (Dykes, Brunner et al. 2003, Savage, 
Hoffman et al. 2009, French, Mitchell et al. 2014).  However, the relationship between body 
composition and inhibitory control (characterised by response inhibition at the shortest task 
interval) was positive, in the opposite direction to that expected from previous research 
associating body composition with reduced inhibitory control (e.g. Batterink, Yokum et al. 
2010, Houben, Nederkoorn et al. 2014, Wirt, Hundsdörfer et al. 2014).  This needs to be 
interpreted with caution given that an association was only observed at one interval out of 
four.  Examination of data suggested that the correlation was particularly influenced by two 
individuals, which is a limitation inherent to a small sample size.  However, most previous 
studies used a food-specific rather than a general inhibition paradigm, which may also 
explain discrepancies in results.   
 
9.5.1  Reward sensitivity and body composition  
 
The observed negative relationship between body composition and reward sensitivity 
(characterised by implicit wanting of HFSw foods) was also surprising, as it contradicts a 
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body of research showing that body composition tends to be positively associated with food 
reward sensitivity (Franken and Muris 2005, e.g. Epstein, Lin et al. 2012).  However, this 
research has tended to compare reward sensitivity between lean and overweight or obese 
participants, contrasting large differences in body composition.  In the present study, 
relationships were examined within an overweight or obese subset, with a smaller range of 
BMI, which may account for differences.  It has been shown that the relationship between 
BMI and reward sensitivity may be curvilinear, so that individuals with greater obesity may 
experience reduced, rather than increased, reward sensitivity (Davis, Strachan et al. 2004, 
Davis and Fox 2008).  This may have been apparent in the current sample, resulting in a 
negative relationship, as a normal-weight comparison group was absent.  In support of this, 
one study found that in an overweight and obese sample, higher BMI was associated with 
lower wanting for high fat foods (Gearhardt, Rizk et al. 2014), similarly to the present study, 
albeit in a sample of females rather than males.  To date, research has tended to focus on 
factors associated with overconsumption in females, so that relationships in males are less 
established.  Given that gender differences in factors associated with overconsumption have 
been noted (see Chapter 7), this finding warrants further investigation.  The fact that the 
relationship was observed in implicit wanting only is unexpected, given that implicit and 
explicit wanting scores were positively correlated (data not presented here).   
 
 
9.5.2  Reward sensitivity and food intake  
 
In contrast to the relationship between reward sensitivity and body composition, food intake 
at baseline was positively correlated with reward sensitivity characterised by explicit wanting 
for HFSw foods.  This is in line with previous research (e.g. Epstein, Carr et al. 2011) and 
206 
 
findings from previous studies (see Chapters 5-7).  This may potentially imply the presence 
of reward-related overconsumption at baseline; however, this relationship between intake and 
HFSw wanting was not replicated following the exercise intervention.  Whether this may 
have been due to a changing relationship between food reward sensitivity and intake as a 
result of the exercise engagement remains to be established.       
 
9.5.3  Change in psychological variables following exercise  
 
Marginal changes only were observed in psychological variables following the exercise 
intervention.  No significant change was observed in food reward sensitivity itself.  This is in 
accordance with a study also measuring food reward sensitivity across an exercise 
intervention (Hopkins, Gibbons et al. 2014).  There was also only a slight indication of 
improvement in inhibitory control.  There were also no significant changes in eating styles, 
although a small decrease in disinhibited eating and a small increase in dietary restraint was 
observed.  Although these changes were not significant, they were in the same direction as 
reported in previous studies of a longer intervention duration (between 12 weeks and six 
months) showing an increase in restraint following exercise (Bryant, Caudwell et al. 2012, 
Danielsen, Svendsen et al. 2013) and with weight loss (Westerterp-Plantenga, Kempen et al. 
1998, Savage, Hoffman et al. 2009, Teixeira, Silva et al. 2010, Batra, Das et al. 2013).  It is 
possible that the intervention duration in this study was not sufficient to engender substantial 
changes in neural and psychological functioning.  Establishing a minimum duration for 
clinically meaningful changes in relevant variables would be a useful further step.     
Longitudinal research shows that increases in restraint and decreases in disinhibition 
are associated with reduced overconsumption and weight gain (Westerterp-Plantenga, 
Kempen et al. 1998, Hays and Roberts 2007, Teixeira, Silva et al. 2010).  Here, following the 
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exercise intervention, there was a trend towards a relationship between lower food intake and 
greater dietary restraint.  This suggests a possible small effect in accordance with cross-
sectional research that observed a correlation between dietary restraint and resistance to 
overconsumption (Wardle and Beales 1987, Delahanty, Meigs et al. 2002, Rideout and Barr 
2009, Keränen, Strengell et al. 2011).  This relationship was also found in Chapter 7, 
although only amongst female participants (see Chapter 7).  The trend in this sample may 
implicate dietary restraint as a protective factor against overconsumption following the 
exercise intervention, although given the reduced power with the current small sample size, it 
cannot conclusively suggest a greater influence of dietary restraint on eating behaviour post-
intervention.  It is possible that a stronger relationship would be revealed with a larger sample 
size and longer exercise intervention duration, although power was moderate for most 
comparisons in the current sample.  
  The mechanism underlying an increase in dietary restraint following exercise is 
unclear, although there is some evidence that dietary restraint shares an underlying neural 
basis with inhibitory control (DelParigi, Chen et al. 2006, Hollmann, Hellrung et al. 2011), 
which has been shown to improve with exercise compared with a sedentary state (Davis, 
Tomporowski et al. 2011, Padilla, Pérez et al. 2014).  In the current study, however, a 
negative relationship between dietary restraint and inhibitory control at the shortest interval 
was observed at baseline.  Given that this correlation was present at one interval only, and 
disappeared following the exercise intervention, replication is warranted.   
 
9.5.4  Executive functioning and exercise  
 
While the marginal increase in response inhibition ability following the exercise intervention 
lay in the direction hypothesised, it must be interpreted with caution given the lack of a 
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control group in the study; although it should be noted that very few previous exercise 
intervention studies included a control group.  It is unclear whether a practice effect on task 
performance would be apparent, even with the four-week interval between task presentations.  
Previous research has not, however, shown great practice effects in response inhibition tasks 
(Kindlon, Mezzacappa et al. 1995) beyond a short-term improvement of reaction times 
between task blocks (Nederkoorn, Smulders et al. 2006).  An additional issue in detection of 
a possible improvement in inhibitory control in this study was the small sample size, 
rendering statistical analyses underpowered for repeated measures comparisons (for example, 
power analysis revealed power to be at a maximum of .2 for ANOVA of response inhibition 
scores pre- and post-intervention), although it had been deemed sufficient to show trends for 
the main hypotheses.  However, given the small magnitude of difference, power was unlikely 
to have affected inhibitory control outcomes in this instance.   
A larger issue affecting generalisability of results to executive functioning ability is 
that in this study, inhibitory control was the sole measure representing executive function.  
While the response inhibition task also measured processing speed, potentially indicative of a 
separate component of cognitive functioning (Alderson, Rapport et al. 2007), the multifaceted 
nature of executive functioning (Miyake, Friedman et al. 2000) meant that several other 
aspects, including working memory and decision-making, were not assessed.  It is therefore 
possible that one of these aspects may be more responsive to improvement as the result of an 
exercise intervention.  Supporting this possibility is the observation that exercise-induced 
improvements in executive functioning have not been shown across all domains (see Smith, 
Hay et al. 2011, Vainik, Dagher et al. 2013 for reviews).  A broader range of executive 
functioning tasks assessing unique components of executive functioning ability would 
therefore be desirable.   
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Furthermore, indirect measures of the function of the prefrontal cortex on which 
executive functions depend (Miller 2000), such as neuropsychological tasks, may not be the 
ideal measure of any exercise-related changes at the neural level.  For example, it may be 
possible that exercise-induced neural changes might result in increased neural efficiency in 
this area without corresponding variation in task performance (Holzschneider, Wolbers et al. 
2012, Kishinevsky, Cox et al. 2012, Krafft, Schwarz et al. 2013).  In this case, it would be 
preferable to measure neural activation directly.  However, a further issue with the present 
study may be that the duration of the exercise intervention was not sufficient for significant 
changes in prefrontal cortical activity to take place and be observed.  One study showed 
improved cognitive (memory) performance after an exercise intervention lasting six weeks 
(Stroth, Hille et al. 2009); however, the majority of such interventions demonstrating an 
effect of exercise on cognitive function are at least six months in duration (see Hötting and 
Röder 2013, Voelcker-Rehage and Windisch 2013 for reviews).   
 
9.5.5  Appetite sensitivity and exercise  
 
Previous research has shown a sensitisation of appetite following a period of chronic 
exercise, so that the satiety quotient of food improves (King, Caudwell et al. 2009).  
However, no such sensitisation was observed following the exercise in the present study.  
Here, there was a trend toward an increase, rather than a decrease, in hunger following the 
fixed breakfast, indicating a slight decrease in the satiating efficiency of the breakfast meal 
following the exercise intervention.  It is possible that the duration of the intervention was not 
sufficient to elicit appetite sensitisation.  However, other research has similarly shown no 
change in appetite following an exercise intervention, even with a longer time-frame 
(Martins, Truby et al. 2007, Cornier, Melanson et al. 2012).  Following the exercise 
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intervention, greater aerobic fitness was associated with higher fasting fullness, rather than 
hunger (see Appendix J, page 305), which is contrary to the relationship between exercise 
engagement and elevated fasting appetite reported in the literature (e.g. King, Caudwell et al. 
2009).  However, there was a slightly tighter coupling between food intake and appetite after 
the exercise intervention than before it, in that there was a negative relationship between 
intake and fasting fullness only post-intervention; there were no significant relationships 
between intake and appetite at baseline.  It would be interesting to assess whether any 
meaningful changes would be observed with a longer intervention duration, a greater energy 
expenditure and potentially greater weight loss.  Ultimately, food intake was not significantly 
related to pre-meal appetite at either of the test days.   
 
9.5.6  Exercise-related overconsumption  
 
Food intake was significantly higher at the post-intervention test meal than at baseline.  The 
reason behind this is unclear.  It is possible that the observed increase in intake at the second 
test session may have been in response to elevated energy needs as a result of the exercise 
intervention.  On average, participants expended 1752-2282 kcal per week, leading to a total 
energy deficit of 8369 kcal.  This may be linked to the observed increase in food intake from 
Time 1 to Time 2 of approx. 180 kcal.  However, further evidence suggests that in this study, 
intake may not have been tightly linked to energy expenditure.  Increase in intake across the 
time-points was positively related to higher body fat percentage following the exercise 
intervention, or, phrased alternatively, negatively related to loss of body fat.  This suggests 
that increase in food intake may have been related to compensatory energy increases to 
balance the exercise-induced energy deficit, leading to a greater preservation of fat mass and 
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percent body fat.  It is therefore possible that this increase in intake following the exercise 
intervention is indicative of overconsumption.   
Investigating the factors predicting individual differences in body composition in 
response to the exercise-induced energy deficit, indicating overconsumption, was a key aim 
of the study.  On average, BMI, percent body fat and fat mass decreased following the 
exercise intervention, signifying a sustained energy deficit; this was expected given the 
energy expended during the exercise sessions.  However, substantial individual variability 
was observed.  While body composition measurement error between time-points cannot be 
ruled out, this level of variability is consistent with previous research examining body 
composition following an exercise intervention (King, Caudwell et al. 2009, Cornier, 
Melanson et al. 2012).  While the majority of participants showed a decrease in fat mass 
following the exercise intervention, in some cases fat mass was stable or even increased, 
indicating a likelihood that these individuals had increased their total energy intake during the 
intervention.  In this study, stability or increase in fat mass and percent body fat were 
therefore considered as indications of overconsumption in response to the exercise-induced 
energy deficit (King, Hopkins et al. 2008).   
Higher disinhibited eating and lower food reward sensitivity at baseline, specifically 
implicit wanting for HFSw foods, were found to independently predict percent body fat at the 
end of the exercise intervention.  The observation that disinhibition and food reward 
sensitivity were also correlated with body composition at baseline suggests a strong role for 
these variables in chronic overconsumption.  Furthermore, this finding may suggest that 
failure to lose fat mass in response to an exercise-induced energy deficit was associated with 
elevated overconsumption during the exercise intervention.   
While these findings suggest a strong role for psychological variables in mediating 
variability in response to the energy deficit created by the exercise intervention, other factors 
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are likely to have been influential.  The relationship between these psychological factors and 
specific eating behaviours associated with body composition changes are of interest.  It is 
possible that some participants may have reduced their total energy intake throughout the 
course of the exercise intervention, which may have contributed to increased weight and fat 
loss, possibly linked to increased dietary restraint.  Compliance with the instruction to 
maintain habitual dietary patterns was assessed via self-reported diet recall (data not 
presented here; see Horner, 2013), and did not indicate any significant change; however, 
several studies have indicated that self-reported diet recall suffers from poor accuracy and 
misreporting, especially in an obese population (Briefel, Sempos et al. 1997, Johansson, 
Wikman et al. 2001, Stubbs, O'Reilly et al. 2014).  Therefore, the total extent of conscious or 
unconscious compliance with this instruction is unknown.   
Variability in response to energy deficit may also be introduced as a result of 
individual differences in physiological adaptations to a deficit, such as decreases in resting 
metabolic rate or diet-induced thermogenesis, independent of changes in energy intake.  
Individual differences in metabolic adaptations from both these sources have been previously 
observed in response to imposed energy deficits (de Groot, van Es et al. 1989, Levine, 
Eberhardt et al. 1999, Tremblay and Chaput 2009).  However, adaptations tend to be 
associated with greater energy deficits, generally resulting from decreased food intake.  In 
this study, metabolic adaptations in energy expenditure efficiency from the four-week 
intervention were likely to be very small, and cannot explain the increases in body fat 
percentage observed in some individuals in this study.   
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9.5.7  Conclusion  
 
In conclusion, the four-week exercise intervention in this study produced significant mean 
changes in body composition.  One hypothesis was that this might also be accompanied by 
neuropsychological changes to factors affecting overconsumption, notably inhibitory control, 
dietary restraint, food reward sensitivity and disinhibited eating.  Evidence for such 
neuropsychological changes proved to be lacking.  Small improvements in inhibitory control 
were observed, but these were not sufficient to reach statistical significance, and in the 
absence of a control group, practice effects cannot be ruled out.  Following the intervention, 
dietary restraint marginally increased, and disinhibition marginally decreased, but these 
differences were also small.  It was also hypothesised that the exercise intervention would 
result in changes in appetite sensitivity, in that the satiating potential or satiety quotient of 
food might increase, but this was also not supported.   
Following previous research into exercise interventions in overweight participants, 
great individual variability was observed in body composition in response to the exercise-
induced energy deficit imposed.  Higher disinhibited eating and lower reward sensitivity for 
HFSw foods were found to predict chronic overconsumption at baseline and also 
overconsumption during the exercise intervention.  This suggests that these factors play a 
significant role in overconsumption, although it is not possible to determine from the current 
analysis whether these factors are resistant to modification in certain individuals, or whether 
they may preclude attempts at improving resistance to overconsumption by preserving 
associated behaviours.  Further investigation of individuals who appear to increase food 
intake in response to an imposed energy deficit, in comparison with others who do not, is 
recommended to explore the individual factors associated with susceptibility to exercise-
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induced overconsumption.  This may result in improved weight loss outcomes and greater 
retention in weight-loss interventions including exercise.   
  
215 
 
 
 
Chapter 10: General Discussion  
 
 
10.1  Summary of findings 
 
The aim of the thesis was to investigate the role of biopsychological factors associated with 
individual differences in resistance to overconsumption in a variety of contexts: magnitude of 
eating episodes or eating termination; initiation of eating; food choice; chronic 
overconsumption and overconsumption in response to an imposed energy deficit.  
Overconsumption was defined as energy intake that consistently exceeds energy expenditure, 
leading to weight gain when repeated on a chronic basis.  It was hypothesised that the factors 
associated with overconsumption in these various contexts might not necessarily be identical; 
meaning that successful resistance to overconsumption might necessitate employment of 
different strategies.  The thesis also aimed to investigate whether these factors could be 
improved using exercise to facilitate greater resistance to overconsumption.   
 Chapter 5 investigated the relationship between overconsumption of a high-fat sweet 
(HFSw) snack food and reward sensitivity, and found that sensitivity to specific food reward 
only was a predictive factor.  Chapter 6 examined the relative contribution of sensitivity to 
food reward, self control and trait eating styles on overconsumption relating to magnitude of 
an eating episode characterised by HFSw snack intake, and investigated the effect of 
exposure to food cues on these relationships and on intake.  While higher food reward 
sensitivity and lower inhibitory control both predicted snack intake, inhibitory control was 
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found to be a more influential factor.  A food-cue enriched environment, incorporating 
appetising food advertisements and food presence, did not affect intake but appeared to 
impact reward-sensitive individuals.  Chapter 7 investigated the role of these variables in 
overconsumption as opportunistic initiation of eating.  While reward sensitivity and self 
control still predicted intake, snacking initiation was associated with greater, rather than 
reduced, inhibitory control.  Chapter 8 investigated overconsumption related to food choice, 
and examined the influence of factors relating to chronic overconsumption, demonstrated by 
body composition.  It also explored a possible neuropsychological basis for acute and chronic 
overconsumption.  This study found that acute overconsumption, particularly of HFSw foods, 
was related to reward sensitivity and was associated with reduced self control and executive 
function task processing speed.  These latter factors were also observed in chronic 
overconsumption.  Chapter 9 was an exploratory study examining the influence of an exercise 
intervention on factors affecting chronic and acute overconsumption.  Chronic 
overconsumption and overconsumption in response to four weeks of exercise were associated 
with reduced reward sensitivity to HFSw foods in particular, and a disinhibited eating style.  
Exercise did not induce significant improvements in factors associated with resistance to 
overconsumption, notably inhibitory control and dietary restraint.  
 
10.1.1  The role of eating behaviour traits in susceptibility and resistance to 
overconsumption 
 
Eating-specific behavioural tendencies or traits tend to be the most widely studied aspects of 
individual differences in eating behaviours due to their direct relevance to overconsumption 
behaviours.  Disinhibited eating, in particular, refers to the tendency to overeat and so a 
relationship with overconsumption would be expected.  In this thesis, it was found that 
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disinhibited eating tendency was related to chronic overconsumption as indicated by body 
composition (Chapters 8 and 9), but not overconsumption on an acute basis as measured by 
intake in the laboratory (Chapters 6, 7 and 8).  This may indicate that a disinhibited eating 
style correlates more highly to overall obesity risk than momentary overconsumption, which 
may not always be typical of eating behaviours in a naturalistic environment.  Research 
supports a strong role for disinhibition in chronic overconsumption and prospective weight 
gain (Hays and Roberts 2007, Teixeira, Silva et al. 2010, Finlayson, Cecil et al. 2012).  The 
measurement of disinhibition may, therefore, be useful in characterising overconsumption in 
terms of obesity risk.   
 Evidence for an effect of a restrained eating style on overconsumption was, however, 
more mixed.  Supplementary analysis showed that, in one study only (see Appendix H, page 
291), dietary restraint was associated with resistance to overconsumption in females only.  
This suggests a need for wider consideration of gender differences in research, and that the 
context of overconsumption plays a role.  In this thesis, dietary restraint was associated with 
resistance to overconsumption only in the absence of hunger.  This suggests that restraint 
may be implicated in the conscious control of food intake when overconsumption is more 
clearly perceived; that is, when there is no physiological need to eat.  It is possible that 
hunger may preclude the influence of dietary restraint, which relates to the attempt to control 
surplus food intake.  Eating when hungry, regardless of the food type, may be perceived as 
more necessary and therefore it may be perceived as less appropriate to attempt to restrict 
intake.  However, the limited extent of this finding requires confirmation through further 
investigation.   
 A consideration of the measurement of dietary restraint, often cited to explain 
discrepancy in findings in the literature (e.g. Ouwens, van Strien et al. 2003, van Strien, van 
de Laar et al. 2007, Shimizu and Wansink 2011, van Strien, Herman et al. 2014), is that 
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measurement questionnaires refer to intention to restrict intake as well as actual restriction 
(Larsen, van Strien et al. 2007).  That is, they do not distinguish between attempts that are 
successful or unsuccessful.  Therefore, dietary restraint may not clearly differentiate between 
successful resistance to overconsumption, in individuals who recognise a need to restrict 
intake in the obesogenic environment and actually do so, and unsuccessful compensation, in 
individuals who attempt to restrict intake possibly in response to weight gain, but do not 
manage to do so.  This heterogeneity may account for variability in previous findings relating 
to the role of restraint in intake (Rideout and Barr 2009).   
 Collectively, these findings do not provide unequivocal psychological evidence to 
support an overlap between dietary restraint and self control based on common constructs and 
possibly common neural substrates (DelParigi, Chen et al. 2006, Meule, Lukito et al. 2011) .  
By contrast, disinhibited eating may reflect a more generalised lack of self control, or a lack 
of inhibition with regard to food (Lattimore, Fisher et al. 2011, Sharma, Markon et al. 2014).  
However, research suggests that disinhibition may play a stronger role in interaction with 
reward sensitivity (Epstein, Lin et al. 2012, Carr, Lin et al. 2014), suggesting an additive 
effect on overconsumption susceptibility.   
 
10.1.2  Food reward sensitivity and overconsumption  
 
Sensitivity to food reward was implicated as a key driver of overconsumption throughout the 
thesis.  The lack of an observed link between overconsumption and more general reward 
sensitivity may suggest that food-specific mechanisms may mediate this, such as increased 
sensitivity to the motivational properties of appetitive hormones such as ghrelin (Abizaid, Liu 
et al. 2006), although this remains to be established through direct measurement of relevant 
hormones.  In this thesis, sensitivity to food reward was associated with acute 
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overconsumption, particularly of high-fat snack foods in Chapters 5-7, and with food intake 
in Chapters 8 and 9.  Reward sensitivity was shown to exert a stronger influence in the 
presence of appetising food cues, used as a proxy for aspects of the obesogenic environment, 
although an overall increase in intake after advert exposure was not observed.  This suggests 
that food reward sensitivity may be a means through which aspects of the food environment, 
namely reminders of palatable food availability, may ‘trigger’ overconsumption in 
susceptible individuals both through prolonging an eating episode (Chapters 6 and 7).   
 However, the role of food reward sensitivity in overconsumption on a chronic basis 
appears to be more complex.  While elevated food reward sensitivity was reliably associated 
with acute overconsumption, it does not follow that reduced reward sensitivity is necessarily 
associated with resistance to overconsumption.  It is therefore not clear whether reducing 
sensitivity to palatable foods, and food cues, represents a valid avenue for addressing 
resistance to overconsumption.  Findings within an exclusively overweight and obese sample 
(Chapter 9) showed that chronic overconsumption (both elevated body fatness and defence of 
fatness in response to an imposed energy deficit) was associated with lower, rather than 
higher, food reward sensitivity for HFSw foods.  It is possible that this finding offers 
evidence in support of the reward deficiency hypothesis (Wang, Volkow et al. 2001), which 
states that prolonged reward-driven overconsumption eventually results in insensitivity of 
relevant brain receptors, characterised by decreased reward sensitivity.  Reward deficiency 
then promotes increased overconsumption in order to achieve previous levels of reward 
response from palatable foods.  Research has therefore suggested that food reward sensitivity 
may demonstrate a non-linear relationship with overconsumption (Davis and Fox 2008).  
That is, there may a positive relationship between reward sensitivity and (acute) 
overconsumption at lower levels of overconsumption overall, but that this relationship 
becomes negative following prolonged overconsumption, which itself leads to weight gain.   
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The reward system, including reward for food, in the brain is primarily dopaminergic 
(Berridge and Robinson 1998, Blum, Liu et al. 2011).  In support of a decline in reward 
sensitivity following obesity, research has demonstrated lower dopamine levels relating to 
food perceptions in obese individuals (Wallace, Aarts et al. 2014) and reduced dopamine 
gene expression and content with diet-induced obesity (Carlin, Hill-Smith et al. 2013).  The 
dopaminergic reward sensitivity-deficiency hypothesis may account for the observed positive 
influence of reward sensitivity on overconsumption in participant samples with relatively low 
levels of obesity (Chapters 5-7), as well as the negative association observed in an 
overweight or obese sample (Chapter 9).  However, this effect was not observed when 
comparing groups of lean and overweight or obese individuals, differing in chronic 
overconsumption (Chapter 8), where there were no consistent differences in reward 
sensitivity between groups.  It is possible that this may have been due to heterogeneity within 
each group, for example co-occurrence of individuals high and low in reward sensitivity 
within the overweight group.   
 
10.1.3  The role of HFSw foods in reward sensitivity and overconsumption  
 
The nature of the food reward task used, the Leeds Food Preference Questionnaire 
(Finlayson, King et al. 2007), meant that food reward sensitivity was able to be assessed 
within distinct categories of food only (differing according to taste and fat content).  While 
this separation enabled examination of food categories in isolation, the format of the task 
does not support merging these categories in order to produce an average measure of food 
reward sensitivity, which is a feature of some other measurement instruments such as relative 
reinforcing value (RRV) tasks (e.g. Saelens and Epstein 1996).  However, separation of food 
categories or groups may prove valuable as it enables targeted examination.  Here, it was 
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found that reward for high-fat sweet (HFSw) foods in particular was consistently implicated 
in overconsumption.  Results from the thesis showed that sensitivity to the rewarding 
properties of particular food categories was associated with elevated consumption of those 
foods (see Chapter 8), which may underlie the strong role of HFSw food reward in 
overconsumption of a HFSw snack food observed in Chapters 5-7.  However, HFSw food 
reward was also particularly implicated in overconsumption where no such test foods were 
available (Chapter 9).  In Chapter 9, sensitivity to HFSw reward only was (positively) 
associated with acute overconsumption in the laboratory, and (negatively) associated with 
chronic overconsumption, in isolation from the other food categories.   
 This finding suggests a distinctive role for elevated reward for and consumption of 
HFSw foods in overconsumption.  In accordance with this, comparisons between groups 
differing in chronic overconsumption showed that the overweight or obese group was 
characterised by greater consumption of HFSw foods only (see Chapter 8), supporting a 
particular role for these foods in chronic overconsumption.  Further, previous research has 
found that overconsumption of HFSw foods is linked with higher reward sensitivity in 
general (Epstein, Carr et al. 2011), and is particularly implicated in greater frequency of 
meals (la Fleur, Luijendijk et al. 2014), overweight (la Fleur, Vanderschuren et al. 2007) and 
obesity risk (Davis, Patte et al. 2007).  These findings warrant investigation of a possible 
unique mechanism underlying this relationship.  Foods high in both fat and sugar have been 
implicated in ‘addictive’ styles of eating (Avena 2011), implicating dysfunctional reward 
responses.  HFSw foods are known to have the strongest impact on the endogenous neural 
opioid system (Olszewski, Alsiö et al. 2011), suggesting that this combination of high-fat, 
high-sugar foods may have particular incentive salience, possibly linked to evolutionarily-
driven innate preferences for these tastes.  Moreover, research suggests that the addition of 
sugar to a high-fat diet is an important mediator of diet-induced obesity-related brain 
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dysfunction (Francis and Stevenson 2011, Beilharz, Maniam et al. 2014).  This implies a 
further link between reward-related overconsumption of HFSw foods, obesity and obesity-
related neural impairment, further hindering resistance to overconsumption.   
 
10.1.4  Self control and resistance to overconsumption  
 
Together, these findings suggest that while reward sensitivity is influential in predisposing 
susceptibly to overconsumption, it does not determine resistance in an inverse manner.  
Within the obesogenic environment, resistance is likely to be a more active process, which 
may be independent from the strength of impulses to overconsume.  Consequently, 
examination of the relative strength of factors affecting resistance to overconsumption found 
that food reward sensitivity and self control were independently associated with resistance to 
consumption, negatively and positively respectively.  There was evidence for an interaction 
between factors (Chapter 6; see Appendix G, page 286).  However, analysis suggested that 
self control was a more influential predictor of overall overconsumption.  Therefore, 
resistance capability may depend on how effectively self control resources are able to contain 
desires to eat, including inappropriate reward-driven impulses to overconsume.  Self control 
therefore appears to be the factor most closely associated with resistance ability.  Throughout 
the thesis, it was found that self control and inhibitory control were consistently associated 
with resistance to overconsumption through amount eaten within a single episode (Chapters 
5-8).  Furthermore, self control differences were apparent between individuals known to be 
susceptible and resistant to overconsumption (Chapter 8), suggesting that self control is 
implicated in resistance both on an acute and chronic basis.   
 However, response inhibition as assessed by task performance was not always found 
to be associated with resistance.  For example, response inhibition was associated with 
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mandatory but not voluntarily initiated intake, within the same sample (Chapters 6 and 7), 
and was not associated with chronic overconsumption as indicated by body composition.  
Surprisingly, stronger response inhibition was associated with greater likelihood of initiating 
an eating episode in the absence of hunger (Chapter 7).  Trait self control was more reliably 
associated with resistance to overconsumption (Chapters 7 and 8).  These discrepancies 
highlight the heterogeneity in relationships between trait and behavioural measures of self 
control or impulsivity (Reynolds, Ortengren et al. 2006, Duckworth and Kern 2011, Sharma, 
Markon et al. 2014).  However, recent research has shown that response inhibition may more 
reliably be related to food intake when the task stimuli used are food-specific (Houben, 
Nederkoorn et al. 2014).  This may account for inconsistent results seen in this thesis.   
Moreover, research has provided evidence that impulsivity or control is a 
multidimensional construct (Dougherty, Mathias et al. 2009, Sharma, Markon et al. 2014), of 
which response inhibition is only one component.  Therefore, it is possible that different 
elements of self control are involved in different aspects of resistance to overconsumption, 
and some variability between measures is to be expected.  For example, in this thesis it was 
found that elevated snack intake was associated with poorer motor control, which was most 
consistently associated with resistance to overconsumption (see Chapters 7 and 8).  
Electrophysical research has suggested that motor control deficits may be representative of a 
broader cognitive limitation (Kam, Dominelli et al. 2012).  However, it is also possible that 
motor control is especially relevant for preventing overconsumption of available and easily 
accessible foods presented in abundant portions, as was the case in the studies in this thesis, 
where overconsumption may be more linked to semi-conscious hand-to-mouth actions.   
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10.1.5  Self control and executive functioning 
 
This thesis presented mixed evidence for a link between self control and executive function, 
and therefore for a potential common neuropsychological basis affecting resistance to 
overconsumption resources.  While trait self control was not consistently correlated with 
behavioural response inhibition, control was also linked to response processing speed, which 
was itself related to resistance to overconsumption (Chapter 8).  Similar effects have 
previously been documented (Calvo, Galioto et al. 2014) and it has been suggested that 
reduced processing speed may be indicative of a general deficit in cognitive processing 
(Alderson, Rapport et al. 2007).  However, in this thesis, faster responses in the working 
memory task were associated with greater, rather than less, overconsumption, together with 
errors of commission (see Chapter 8).  It is possible that this apparent discrepancy reflects a 
dichotomy within, as well as between, executive functioning constructs.  More errors of 
commission may reflect a more global failure to inhibit incorrect or inappropriate responses, 
a characteristic of impulsive responding that is similar to (a lack of) self control.  
Concurrently, a greater proportion of errors of omission may reflect a tendency to withhold a 
response during uncertainty or when given incomplete information.  This is consistent with 
an interpretation of working memory tasks as reflecting attentional control (Engle 2002), in 
which an appropriate response must be chosen that supports current goals.  In this way, 
working memory has been argued to be integral to self regulatory capacity (Hofmann, 
Gschwendner et al. 2008).  In the context of food intake, this may relate to a lower likelihood 
of accepting food when given incomplete information, such as a lack of nutritional 
information, or within time constraints.  This would therefore affect resistance to 
overconsumption, although in a less active way than proposed through conventional impulse 
control theory.  Accordingly, it has been argued that attention, regulation and inhibitory 
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control all affect successful impulse control (Hofmann, Friese et al. 2009).  However, this 
hypothesis cannot be substantiated at this stage and further investigation is necessary to 
determine proposed links.  Direct physiological measurement of underlying neural substrates 
would aid in clarifying this issue, in order to verify whether executive function tasks 
proposed to tap specific functions do indeed elicit different processes.   
In this thesis, a more direct measure of decision-making was not associated with 
resistance to overconsumption (Chapter 8), contrary to previous research (Brogan, Hevey et 
al. 2010, Davis, Patte et al. 2010, Verdejo-Garcia, Perez-Exposito et al. 2010).  It is not clear 
whether this departure could be due to variations in task parameters in previous studies, 
which are known to affect performance (van den Bos, Houx et al. 2006, Overman and Pierce 
2013), or whether interaction with other traits such as restraint or self control (Kuijer, de 
Ridder et al. 2008) or binge eating behaviour (Danner, Ouwehand et al. 2012) may have 
played a role.  This finding does not provide support for a hypothesis that decision-making, 
particularly effective evaluation of the rewards and costs that may be similarly implicated in 
consuming a food, is integral to resistance to overconsumption (Hare, Camerer et al. 2009).  
Evaluation relating to decision-making has been previously localised to the lateral, 
ventromedial prefrontal and orbitofrontal cortices (Hare, Camerer et al. 2009, Dixon and 
Christoff 2014), indicating a substantial overlap with areas involved in self control and 
therefore self control resources.  In the absence of a neuropsychological correlation between 
these factors observed here, direct measurement of the underlying neural substrates involved 
in relevant behaviours, enabling examination of direct relationships between functioning and 
resistance to overconsumption, would be beneficial.   
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10.1.6  Capacity to improve resistance to overconsumption  
 
Self control was identified throughout the experimental work as the primary factor, or 
resource, associated with resistance to overconsumption.  The thesis has addressed the 
possibility of ameliorating self control resources, indirectly via improving conditions for the 
brain, in two contexts: via observation following weight loss (i.e., inclusion of a weight-
reduced group; Chapter 8) and via an exercise intervention (Chapter 9).  These approaches 
recognise that biopsychological alterations associated with the obese state, such as 
neuroinflammation (Cai 2013), diminish self control resources and that therefore the cause of 
this impairment may be addressed directly.  Previous research has observed partial reversals 
in obesity-induced cognitive impairment and improvements in function following weight loss 
and exercise (Smith, Blumenthal et al. 2010, Siervo, Arnold et al. 2011, Witbracht, Laugero 
et al. 2011, e.g. Alosco, Spitznagel et al. 2014).  However, in this thesis, significant 
improvement in cognitive factors associated with resistance to overconsumption, such as 
inhibitory control, was not observed following weight loss (Chapter 8) or an exercise 
intervention (Chapter 9).   
Both experimental approaches addressing possible avenues for improvement to 
resistance to overconsumption (Chapters 8 and 9) are subject to methodological 
considerations (see section 10.2 below), which should be taken into account when 
interpreting the results.  However, given these limitations, results suggest that self control, a 
key resource in resistance to overconsumption, is not improved following weight loss or four 
weeks of exercise, suggesting an ongoing risk of overconsumption.  It is unclear whether this 
implies that individuals who have a psychological risk profile associated with susceptibility 
to overconsumption, characterised by high food reward sensitivity and low self control, are 
unable to alter this risk profile and will always be at greater risk of overconsumption in a 
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permissive environment.  This possibility needs to be investigated more deeply as it contains 
important implications for weight reduction and maintenance.  Research has demonstrated 
that neuropsychological dysfunction, illustrative of impairments in both executive 
functioning and reward pathways, following diet-induced obesity is not fully reversed 
following weight loss or return to a normal diet (Haltia, Viljanen et al. 2007, Hassenstab, 
Sweet et al. 2012, Carlin, Hill-Smith et al. 2013).  This suggests that ongoing impairment 
may continue to affect self control ability and reward responsivity in weight-reduced 
individuals.  Furthermore, evidence shows that weight loss through non-surgical means is 
associated with a high rate of regain (Sarlio-Lahteenkorva, Rissanen et al. 2000, Douketis, 
Macie et al. 2005, Weiss, Galuska et al. 2007), suggesting that the challenges inherent in 
weight loss maintenance are significant and require special attention.  These findings also 
support a renewed focus on the importance of obesity prevention.   
 
 
  
228 
 
10.2  Limitations of research 
 
The methodology and approach of this thesis is subject to a number of limitations, which 
impact on the scope and generalisability of findings.  The first of these is that while the 
theoretical perspective of biopsychology is grounded in physiological and neural function, it 
was not possible in this research programme to measure either brain activity or hormones 
affecting appetite directly.  The action of neural processes must therefore be inferred through 
neuropsychological and cognitive task performance in order to assess the functions believed 
to be implicated.  However, task performance cannot be assumed to have a perfectly linear 
relationship to the biological action of regions or the whole of the brain, in part due to the fact 
that many psychological constructs are likely to reflect a neural network of pathways that 
may span several structures.  Task performance may also be affected by factors such as 
fatigue or prior experience, and may not therefore give a true reflection of the neural 
processes leading to the responses given.  However, in the absence of neuroimaging or 
electrical activity research methods, neuropsychological testing is able to form a proxy 
measure of brain-related performance together with psychological function.  Similarly, 
measurement of hormones affecting appetite, such as ghrelin, cholecystokinin and leptin, 
would have provided greater quantification of the biological element of appetite to 
complement the self-report measures of subjective appetite sensations used.   
 There are also more generalised methodological issues inherent in the study of food 
intake within the laboratory, including this research programme, which limit the extent to 
which results may be generalised to eating in the ‘real world’ environment.  First, a single test 
meal paradigm, whilst enabling isolation of relevant variables, provides no guarantee that the 
meal is representative of participants’ wider eating behaviour.  Second, the fact of being 
under observation may have influenced participants’ eating behaviour in some instances.  
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However, post-participation questionnaire responses did not mention any perceived influence 
of the experimental setting.  It is recognised that the laboratory is an unfamiliar setting in 
which situational cues that may affect eating, such as the presence of television or other 
people, are absent.  However, this research programme required a controlled setting, where it 
is desirable to minimise extraneous cues affecting intake as far as possible in order to 
measure the unique influence of the constructs in question.   
Specific limitations of each experimental study are discussed where applicable in 
Chapters 5-9.  To summarise, a key limitation of the study reported in Chapter 5 was that the 
computerised version of the CARROT used to measure sensitivity to monetary reward was 
developed specifically for this study and had therefore not been fully validated in a previous 
experimental sample, beyond pilot work for this thesis.  A large comparison sample was not 
available, and it is therefore not clear whether task performance that differed from theoretical 
expectation (notably, a lack of clear effect of financial reward on card sorting speed) reflected 
an experimentally valid difference or was a feature of the operationalisation of the task.   
 A limitation of the study reported in Chapter 6 was that the food cue did not elicit 
large increases in self-reported appetite sensations (hunger and desire to eat), and therefore it 
was not clear whether the observed lack of increase in food intake following the food cue, 
compared with the neutral condition, was due to low salience of the food advertisements.  A 
direct measurement of self-reported salience of the video stimuli would be helpful in 
identifying this.  It must be noted that research has not consistently identified an increase in 
food intake following food advertisements and food cues in general (e.g. Bellisle, Dalix et al. 
2009), and that the magnitude of an eating episode is likely to be predicted by a large number 
of factors, both individual and social/environmental (for example, 75% of the variance in the 
model reported in Chapter 6 remains unexplained).  However, the fact that food reward 
sensitivity played a stronger role in predicting overconsumption following the food cue does 
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suggest that the food cue had an impact at the psychological level, without necessarily 
resulting in large observable behavioural changes.   
 A limitation of the study reported in Chapter 7 was that the methodology used to 
assess initiation of overconsumption was novel, and therefore unvalidated.  Theoretically, it 
could be argued that the short pause between participants finishing the mandatory taste test 
and being offered another may have blurred the boundaries between each, leading 
participants to believe that the second, opportunistic taste test was a continuation of the first.  
However, this possibility was avoided as far as possible by the inclusion of a final appetite 
rating following the mandatory taste test, with emphasis to the participants that they had 
completed the experiment.  The opportunistic snack was introduced with the explanation that 
it was separate from the experiment, to explain its absence from the introductory participant 
information.  Participant responses indicated that they accepted this explanation.  
Furthermore, whilst the opportunistic taste test food was similar to that of the mandatory taste 
test, in order to limit the influence of sensory specific satiety on snacking initiation, the foods 
were distinct in appearance and recognised as different by participants.  This may have 
further indicated a separate eating episode.   
 A limitation of the study reported in Chapter 8 was the relatively small sample size 
within each independent participant group, driven by practical constraints relating to budget 
and recruitment.  A strength of the design was strong physiological characterisation of the 
lean and overweight groups, in that groups were distinct in terms of body composition and 
stability.  However, the reduced (previously overweight, currently lean) group may have 
suffered from heterogeneity within the sample, notably from time spent at lean weight 
compared with overweight, which was not able to be controlled.  As a result, some 
participants in this group self-reported having maintained reduced weight for several years, 
while others reported having only recently attained their new minimum weight.  This 
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heterogeneity may have contributed to the observed lack of change in cognitive functioning 
following weight loss, indicated by similar psychological performance by the overweight and 
reduced groups.  Within the literature, the impact of physiological state on psychological and 
cognitive function has received little attention and only one experimental sample has been 
identified that investigates the impact of weight loss on factors surrounding psychological 
functioning in weight-reduced, compared with currently overweight and never overweight 
individuals (as reported in Phelan, Hassenstab et al. 2011, Hassenstab, Sweet et al. 2012, 
Sweet, Hassenstab et al. 2012).  The participant sample reported in these papers comprised 
individuals who had maintained weight loss for at least three years.  It is of note, however, 
that even given a longer weight loss maintenance period, this reduced sample still 
experienced greater neural (Sweet, Hassenstab et al. 2012) and cognitive (Phelan, Hassenstab 
et al. 2011) interference from food cues, and did not demonstrate cortical thickness in areas 
associated with self control that matched that of the always-lean individuals (Hassenstab, 
Sweet et al. 2012), suggesting only partial recovery of resistance resources.   
 A number of limitations are apparent with the study reported in Chapter 9.  As an 
exploratory proof of concept study, the relatively small sample size meant that longitudinal 
analysis of change scores and splitting the sample by fat loss (e.g. following King, Hopkins et 
al. 2008) was not statistically viable.  Regarding the exercise intervention itself, while of a 
satisfactory intensity, the intervention may not have been of sufficient duration for significant 
changes in neural function and associated psychological performance to be observed, 
possibly because greater changes in energy expenditure may be required.  Previous exercise 
interventions showing a difference in psychological constructs have generally lasted three 
times as long, with a minimum of 12 weeks’ duration (Colcombe, Erickson et al. 2006, 
Davis, Tomporowski et al. 2011, Bryant, Caudwell et al. 2012, Cornier, Melanson et al. 2012, 
Krafft, Schwarz et al. 2013), although changes have also been reported after six weeks 
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(Stroth, Hille et al. 2009).  However, trends in the direction of improvements hypothesised 
suggest that some improvement in psychological factors may have taken place, which 
encourages the use of longer interventions and the addition of a control group in order to 
precisely examine the change in proposed mechanisms underlying resistance to 
overconsumption following exercise.    
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10.3  Implications and significance of findings 
 
Taken together, the findings of this thesis show that individual differences in psychological 
factors, notably self control and the extent to which reward-related impulses are able to be 
inhibited, are robustly associated with resistance to overconsumption as measured within the 
laboratory.  Furthermore, the factors and behaviours that are associated with acute 
overconsumption are also associated with chronic overconsumption, implicating them in 
obesity risk.  These psychological and cognitive differences have a basis in 
neuropsychological differences (see Miller 2000, Carnell, Gibson et al. 2011, Baldo, Pratt et 
al. 2014), with a partly genetic basis (e.g. Galgani and Ravussin 2008, Davis, Zai et al. 2011, 
Speakman, Levitsky et al. 2011, Carr, Lin et al. 2013), which may also suggest that they are 
less able to be modified in the direction of increasing resistance to overconsumption.  This 
thesis provides preliminary evidence of a role for these factors in the aetiology of obesity.  
Prospective studies may be now required to confirm this; however, it has been argued that 
there is already sufficient evidence to reframe obesity as simply caloric overconsumption 
(Shelley 2012).  These individual differences are likely to contribute to observed differences 
in body composition at the population level.   
An emphasis on individual variability in response to stimuli within the obesogenic 
environment, stemming from internal psychological differences, could be used to inform 
approaches to obesity prevention.  The knowledge accumulated through this thesis implies 
that greater consideration should be given to individual biopsychological factors in obesity 
prevention.  However, these individual differences in resistance to overconsumption occur in 
the context of an obesogenic environment, and there is likely to be significant interaction 
between biopsychological factors and environmental stimuli.  For example, research into 
individual genetic factors concludes that the influence of genetics is can be easily overridden 
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by environment and lifestyle (Jääskeläinen, Paananen et al. 2013, Verhoef, Camps et al. 
2014).  This thesis has demonstrated that the factors involved in determining overall 
resistance to overconsumption are likely to play a greater role in a more permissive 
environment.   
While it is beyond the scope of this thesis to include implications or recommendations 
for public health policy, the knowledge contributed may also be relevant to current debate 
surrounding responsibility for reducing overconsumption, given its overall aim of obesity 
prevention.  Evidence for individual differences in eating behaviour would initially appear to 
support current governmental policy in many countries, encouraged by the food industry, to 
preserve individual consumer choice regarding food intake by implementing little regulation 
over food options available (Gortmaker, Swinburn et al. 2011, Jenkin, Signal et al. 2011, 
Ronit and Jensen 2014), citing the free will of the consumer (Levitsky and Pacanowski 2011).  
This policy places responsibility for overconsumption firmly on the overconsumer, with the 
implication that, as food intake depends on behaviours driven by decisions, overconsumption 
is a choice.  However, whether overconsumption leading to weight gain and obesity, is, in 
fact, a choice, is questionable.  It is unlikely that the majority of individuals who are 
overweight and obese actively wish to be so (for example, in this thesis only four overweight 
participants reported that they found being overweight acceptable (11%), and none reported it 
completely acceptable; see Appendix E, page 280).  It can be argued that individuals who do 
not have a biopsychological profile enabling them to effectively resist overconsumption, or 
whose decision-making abilities have been impaired through chronic overconsumption, are 
not making the same informed, controlled decisions regarding food as the statistical minority 
of resistant individuals who successfully inhibit impulses to overconsume.  A focus on 
individual choice in overconsumption may therefore be inappropriate, as food-related 
decisions in this case may rely more on heuristics (Scheibehenne, Miesler et al. 2007), which 
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are likely to permit overconsumption as top-down control processes are not engaged.  In this 
case, these individuals could benefit from stricter control over the obesogenic aspects of the 
environment, such as food availability and advertisement, in order to limit opportunities to 
overconsume and avoid triggers that may prompt overconsumption.  Research suggests that 
stricter regulation in this way would be supported by consumers (Morley, Martin et al. 2012).  
While such debate is outside the particular scope of this thesis, it can be argued that the 
implications of findings from the laboratory need to be considered within the broader context 
of the naturalistic environment.   
Regulation of the food environment and associated stimuli may be particularly 
important given the relatively poor prognosis for behavioural approaches to obesity 
treatment, and limited success of increasing individual resources aiding resistance to 
overconsumption.  Alternative individualised approaches to consciously improve resistance, 
such as ‘cognitive training’ targeted towards executive functions, may be another avenue to 
improve self control ability. To date, experimental evidence for inhibitory control training has 
been mixed (Guerrieri, Nederkoorn et al. 2012, Berkman, Kahn et al. 2014), with 
improvements short-lived (Verbruggen, Adams et al. 2013) and susceptible to influence by 
hunger sensations (Meule, Lutz et al. 2014).  However, the possibility of improvement is an 
important one and merits further study.  It is hoped that greater awareness of the harmful 
effects of obesity on cognitive function in particular, and the important role that individual 
psychological and behavioural factors may have in attenuating this, will provide additional 
motivation to focus on resistance to overconsumption.  Research indicates a consensus on the 
need for a broader, multi-level approach to tackle the severity of the obesity problem, 
comprising economic, governmental and educational interventions at the national as well as 
individual level (McPherson 2014, Ng, Fleming et al. 2014, Ronit and Jensen 2014).  
Findings from this thesis further suggest a scope for greater emphasis on obesity prevention, 
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with approaches incorporating a focus on individual differences in biopsychological factors 
affecting resistance to overconsumption.    
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10.4  Original contribution of the thesis to the body of knowledge 
 
This thesis has contributed to the field of obesity research by providing an in-depth analysis 
of an important factor in its aetiology, and therefore prevention: resistance to 
overconsumption.  It also represents a novel focus on the underlying factors informing 
obesity prevention from a positive framework.  To the best of the author’s knowledge, this 
thesis is one of the first to analyse what overconsumption is, in conjunction with what 
resistance to overconsumption involves.  Despite overconsumption being a familiar concept 
within obesity research, prior to this research programme no formal definition of 
overconsumption existed within the literature.   
 This thesis has investigated the biopsychological factors driving resistance to 
overconsumption in several forms:  acute overconsumption relating to eating termination, or 
amount eaten within an eating episode; overconsumption relating to initiation of eating, or 
eating frequency; overconsumption relating to food choice; and chronic overconsumption, or 
that resulting in a positive energy balance and weight gain.  Recognition and identification of 
the various situations in which overconsumption may occur is beneficial in identifying 
similarities and differences in driving factors, which may contribute to particular challenges 
inherent in  each overconsumption component.  The combined knowledge from these 
components enables the building of a comprehensive picture of the biopsychological traits 
and behaviours robustly involved in resistance to overconsumption.   
 The role of psychological factors in overconsumption and obesity has traditionally 
been neglected in favour of a focus on physiological, metabolic and genetic factors, despite 
the behavioural basis of food intake.  This research programme has combined theory and 
methodology from psychology, physiology and neuroscience in order to develop a 
comprehensive analysis of the aetiology of overconsumption and resistance to it.  
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Furthermore, studying a range of candidate factors implicated in resistance to 
overconsumption within individuals, and their interaction with the obesogenic environment, 
enables the relative predictive strength of factors and their interactions to be determined.  
This is necessary given the interactive nature of the neural circuits upon which these 
psychological factors depend.  It is important to note that environmental and sensory inputs, 
as well as diverse cognitive states and processes, all influence decisions and behaviours at 
any given moment that may impact on food intake.   
Individual factors have emerged as key in determining resistance to overconsumption 
resources and obesity risk.  Gender is an important individual factor that has traditionally 
received less attention than expected, with many studies conducted in only male or only 
female participants and a sizeable proportion of psychological studies failing to report the 
gender of participants (Holverstott, Ehrhardt et al. 2002).  The findings from this thesis add to 
a growing body of knowledge indicating that there are differences in the way that males and 
females regulate food intake, and that these are worthy of consideration in the design of 
obesity prevention programmes.  Moreover, consideration of both genders together is 
important for meaningful applicability of results to the wider population.   
Furthermore, this thesis is amongst the first to examine the biopsychology of truly 
resistant (always lean) individuals compared with those who have a greater risk of reverting 
to their previous obese state.  It is therefore one of the first to recognise and attempt to control 
for the state of body composition on the factors that predispose it, in a comprehensive 
assessment of biopsychological functioning and overconsumption.  Preliminary findings 
suggest that weight reduction does not diminish future obesity risk of relapse.  This sheds 
light onto a possible mechanism behind the challenge of successful weight maintenance, and 
identifies a key area to be targeted in future work.   
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Given the severity of the obesity epidemic and the seriousness of the associated health 
implications, together with the poor prognosis for obesity with conventional behavioural 
treatment programmes, it is imperative that obesity prevention be made an urgent public 
health priority.  Greater understanding of the aetiology of overconsumption and the 
biopsychological factors necessary for successful resistance can aid in developing 
individualised approaches recommended for resistance within the current obesogenic 
environment.    
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Appendix A: Experimental measures 
 
A1.  General Questionnaire (Chapters 5-7) 
 
1. Are you male or female? (select one: male, female) 
2. How old are you? (enter: years, months) 
3. What is your ethnicity? (select one: White; Indigenous Australian/Torres Strait 
Islander; African; Asian; Hispanic; other: specify) 
4. What is your highest level of education attained or CURRENTLY working towards? 
(select one: Some high school, Completed high school, TAFE, undergraduate 
bachelor degree, postgraduate degree, other: specify) 
5. Do you smoke? (select one: yes, no.  If yes, how many cigarettes per day?) 
6. Do you drink alcohol? (select one: yes, no. If yes, how many drinks per week?) 
7. Are you CURRENTLY vegetarian or vegan? (select one: no, vegetarian, vegan) 
8. Do you have any serious food allergies? (select one: yes, no.  If yes, specify:) 
9. Have you ever been diagnosed with an eating disorder? (select one: yes, no) 
10. Are you currently dieting to lose weight? (select one: yes, no) 
11. Which option best describes you? (select one: never dieted, used to diet, sometimes 
dieting, often dieting, always dieting) 
12. How tall are you? (cm) 
13. How much do you weigh? (kg) 
14. Have you been at or close to (+/-2 kg) your current weight for at least two years? 
(select one: yes, no) 
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15. Have you gained or lost more than 20 kg in adulthood? (select one: yes, no. If yes, 
specify)  
16. Would you say you are: (select one: very underweight, underweight, about right, 
overweight, very overweight) 
17. How acceptable is it/would it be for you to be overweight? (select one: very 
unacceptable, unacceptable, of no consequence, acceptable, very acceptable) 
18. In general, how important is your physical appearance to you? (select one: not at all 
important, quite unimportant, somewhat important, quite important, very important) 
19. In general, how much are you concerned with other people’s opinion of you? (select 
one: I have no concern for what others think of me, I am not particularly concerned 
with what others think of me, I am somewhat concerned with what others think of me, 
I am quite concerned with what others think of me, I am very concerned with what 
others think of me) 
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A2.  General Questionnaire (Chapter 8) 
 
1. Are you male or female? (select one: male, female) 
2. How old are you? (enter: years, months) 
3. What is your ethnicity? (select one: White; Indigenous Australian or Torres Strait 
Islander; African; Asian; Hispanic; other: specify) 
4. What is your highest level of education attained or CURRENTLY working towards? 
(select one: Some high school, Completed high school, TAFE, undergraduate 
bachelor degree, postgraduate degree, other: specify) 
5. Do you smoke? (select one: yes, no.  If yes, how many cigarettes per day?) 
6. Do you drink alcohol? (select one: yes, no. If yes, how many drinks per week?) 
7. Are you vegetarian or vegan? (select one: no, vegetarian, vegan.  If vegetarian or 
vegan, for how many years?) 
8. Do you have any serious food allergies? (select one: yes, no.  If yes, specify:) 
9. Are there any foods that you don’t like or won’t eat? (select one: yes, no.  If yes, 
specify:) 
10. Are you colour-blind? (select one: yes, no.  If yes, specify:) 
11. Have you been diagnosed with any psychiatric disorder or mental illness? (select one: 
yes, no.  If yes, specify:) 
12. Have you been diagnosed with any eating disorder? (select one: yes, no.  If yes, 
specify:) 
13. Are you currently dieting to lose weight? (select one: yes, no) 
14. Which option best describes you? (select one: never dieted, used to diet, sometimes 
diet, often dieting, always dieting) 
15. How tall are you? (cm) 
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16. How much do you weigh? (kg) 
17. How often do you weigh yourself or are weighed? (select one: once a day or more, 
once a week or more, once a month or more, once a year or more, less than once a 
year or never) 
18. How often do you look at yourself in a full length mirror? (select one: once a day or 
more, once a week or more, once a month or more, once a year or more, less than 
once a year or never) 
19. Have you been at or close to (+/-5 kg) your current weight for at least six months? 
(select one: yes, no) 
20. Have you gained or lost a significant amount of weight (more than 10 kg) in 
adulthood, other than in pregnancy? (select one: yes, no. If yes, specify)  
21. Are you currently at your heaviest ever weight? (select one: yes, no.  If no, specify 
your ‘maximum weight’:) 
22. What is the least you have ever weighed in adulthood (‘minimum/smallest weight’)?  
23. Would you say you are: (select one: very underweight, underweight, about right, 
overweight, very overweight) 
24. How acceptable is it/would it be for you to be overweight? (select one: completely 
unacceptable, unacceptable, of no consequence, acceptable, completely acceptable) 
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A3. BIS-BAS Scales (Carver & White, 1994) 
 
Response options: Very false for me, Somewhat false for me, Somewhat true for me, Very 
true for me 
 
1. A person’s family is the most important thing in life. 
2. Even if something bad is about to happen to me, I rarely experience fear or 
nervousness. 
3. I go out of my way to get things I want. 
4. When I’m doing well at something I love to keep at it. 
5. I’m always willing to try something new if I think it will be fun. 
6. How I dress is very important to me. 
7. When I get something I want, I feel excited and energized. 
8. Criticism or scolding hurts me quite a bit. 
9. When I want something I usually go all-out to get it. 
10. I will often do things for no other reason than that they might be fun. 
11. It’s hard for me to find the time to do things such as get a haircut. 
12. If I see a chance to get something I want I move on it right away. 
13. I feel pretty worried or upset when I think or know somebody is angry at me. 
14. When I see an opportunity for something I like I get excited right away. 
15. I often act on the spur of the moment. 
16. If I think something unpleasant is going to happen I usually get pretty “worked up.” 
17. I often wonder why people act the way they do. 
18. When good things happen to me, it affects me strongly. 
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19. I feel worried when I think I have done poorly at something important. 
20. I crave excitement and new sensations. 
21. When I go after something I use a “no holds barred” approach. 
22. I have very few fears compared to my friends. 
23. It would excite me to win a contest. 
24. I worry about making mistakes.   
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A4. Three Factor Eating Questionnaire: Disinhibition Subscale (Stunkard & 
Messick, 1985) 
 
Response options: True, False 
 
1. When I smell a sizzling steak or see a juicy piece of meat, I find it very difficult to 
keep from eating, even if I have just finished a meal. 
2. I usually eat too much at social occasions, like parties and picnics. 
3. Sometimes things just taste so good that I keep on eating even when I am no longer 
hungry. 
4. When I feel anxious I find myself eating. 
5. Since my weight goes up and down, I have gone on reducing diets more than once. 
6. When I am with someone who is overeating I usually overeat too. 
7. Sometimes when I start eating, I just can’t seem to stop. 
8. It is not difficult for me to leave something on my plate. 
9. When I feel blue I often overeat. 
10. My weight has hardly changed at all in the last ten years. 
11. When I feel lonely, I console myself by eating. 
12. Without even thinking about it, I take a long time to eat. 
13. While on a diet, if I eat a food that is not allowed I often then splurge and eat other 
high calorie foods. 
14. Do you eat sensibly in front of others and splurge alone? (Response options: Never, 
Rarely, Often, Always) 
15. Do you go on eating binges though you are not hungry? (Response options: Never, 
Rarely, Often, Always) 
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16. To what extent does this statement describe your eating behavior?  "I start dieting in the 
morning, but because of any number of things that happen during the day, by evening I 
have given up and eat what I want, promising myself to start dieting again tomorrow." 
(Response options: Not like me, A little like me, Pretty good description of me, Describes 
me perfectly) 
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A5. Dutch Eating Behaviour Questionnaire: Restraint Subscale (van Strien et 
al., 1986) 
 
Response options: Never, Seldom, Sometimes, Often, Very often 
 
1. If you have put on weight, do you eat less than you usually do? 
2. How often do you refuse food or drink offered because you are concerned about your 
weight? 
3. Do you try and eat less at mealtimes than you would like to eat? 
4. Do you watch exactly what you eat? 
5. Do you deliberately eat foods that are slimming? 
6. When you have eaten too much, do you eat less than usual on the following days? 
7. Do you deliberately eat less in order not to become heavier? 
8. How often do you try not to eat between meals because you are watching your 
weight? 
9. How often in the evening do you try not to eat because you are watching your weight? 
10. Do you take into account your weight with what you eat? 
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A6. Dutch Eating Behaviour Questionnaire: Emotional Eating Subscale (van 
Strien et al., 1986) 
 
Response options: Never, Seldom, Sometimes, Often, Very often 
 
1. Do you have the desire to eat when you are irritated? 
2. Do you have the desire to eat when you have nothing to do? 
3. Do you have the desire to eat when you are depressed or discouraged? 
4. Do you have the desire to eat when somebody lets you down? 
5. Do you have the desire to eat when you are cross? 
6. Do you have the desire to eat when you are waiting for something unpleasant to 
happen? 
7. Do you have the desire to eat when you are anxious, worried or tense? 
8. Do you have the desire to eat when things are going against you or when things have 
gone wrong? 
9. Do you have the desire to eat when you are frightened? 
10. Do you have the desire to eat when you are disappointed? 
11. Do you have the desire to eat when you are emotionally upset? 
12. Do you have the desire to eat when you are bored or restless? 
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A7. Dutch Eating Behaviour Questionnaire: External Eating Subscale (van 
Strien et al., 1986) 
 
Response options: Never, Seldom, Sometimes, Often, Very often 
 
1. If foods tastes good to you, do you eat more than usual? 
2. If food tastes and smells good, do you eat more than usual? 
3. If you see or smell something delicious, do you have a desire to eat it? 
4. If you have something delicious to eat, do you eat it straight away? 
5. If you walk past the baker or café do you have the desire to buy something delicious? 
6. If you see others eating, do you also have the desire to eat? 
7. Can you resist eating delicious foods? 
8. Do you eat more than usual when you see others eating? 
9. When preparing a meal are you inclined to eat something? 
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A8. Barratt Impulsiveness Scale Version 11 (Patton et al., 1995)  
 
Response options: Rarely/never, Occasionally, Often, Almost always/always 
 
1. I plan tasks carefully. 
2.   I do things without thinking. 
3. I make-up my mind quickly. 
4. I am happy-go-lucky. 
5. I don’t “pay attention.” 
6. I have “racing” thoughts. 
7. I plan trips well ahead of time. 
8. I am self controlled. 
9. I concentrate easily. 
10. I save regularly. 
11. I “squirm” at plays or lectures. 
12. I am a careful thinker. 
13. I plan for job security. 
14. I say things without thinking. 
15. I like to think about complex problems. 
16. I change jobs. 
17. I act “on impulse.” 
18. I get easily bored when solving thought problems. 
19. I act on the spur of the moment. 
20. I am a steady thinker. 
21. I change residences. 
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22. I buy things on impulse. 
23. I can only think about one thing at a time. 
24. I change hobbies. 
25. I spend or charge more than I earn. 
26. I often have extraneous thoughts when thinking. 
27. I am more interested in the present than the future. 
28. I am restless at the theater or lectures. 
29. I like puzzles. 
30. I am future oriented. 
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A9. Tangney’s Self Control Scale10 Item Version (Tangney et al., 2004) 
 
Response options: Not at all like me, A little like me, Somewhat like me, Mostly like me, 
Very much like me 
 
1. I have a hard time breaking bad habits. 
2. I get distracted easily. 
3. I say inappropriate things. 
4. I refuse things that are bad for me, even if they are fun. 
5. I’m good at resisting temptation. 
6. People would say that I have very strong self-discipline. 
7. Pleasure and fun sometimes keep me from getting work done. 
8. I do things that feel good in the moment but regret later on. 
9. Sometimes I can’t stop myself from doing something, even if I know it is wrong. 
1. I often act without thinking through all the alternatives. 
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A10.  Perceived Stress Scale (Cohen et al., 1983) 
 
Response options: Never, Almost never, Sometimes, Fairly Often, Very Often 
 
1. In the last month, how often have you been upset because of something that happened 
unexpectedly? 
2. In the last month, how often have you felt that you were unable to control the 
important things in your life? 
3. In the last month, how often have you felt nervous and “stressed”? 
4. In the last month, how often have you felt confident about your ability to handle your 
personal problems? 
5. In the last month, how often have you felt that things were going your way? 
6. In the last month, how often have you found that you could not cope with all the 
things that you had to do? 
7. In the last month, how often have you been able to control irritations in your life? 
8. In the last month, how often have you felt that you were on top of things? 
9. In the last month, how often have you been angered because of things that were 
outside of your control? 
10. In the last month, how often have you felt difficulties were piling up so high that you 
could not overcome them? 
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A11.  International Physical Activity Questionnaire, Short Version (Craig et al., 
2003) 
 
We are interested in finding out about the kinds of physical activities that people do as part of 
their everyday lives.  The questions will ask you about the time you spent being physically 
active in the last 7 days.  Please answer each question even if you do not consider yourself to 
be an active person.  Please think about the activities you do at work, as part of your house 
and yard work, to get from place to place, and in your spare time for recreation, exercise or 
sport. 
 
1. Think about all the vigorous activities that you did in the last 7 days.  Vigorous 
physical activities refer to activities that take hard physical effort and make you 
breathe much harder than normal.  Think only about those physical activities that you 
did for at least 10 minutes at a time. 
During the last 7 days, on how many days did you do vigorous physical activities like 
heavy lifting, digging, aerobics or fast bicycling? (days per week:  If no vigorous 
activities, skip to Question 3) 
2. How much time did you usually spend doing vigorous physical activities on one of 
those days? (hours per day, minutes per day) 
3. Think about all the moderate activities that you did in the last 7 days.  Moderate 
activities refer to activities that take moderate physical effort and make you breathe 
somewhat harder than normal.  Think only about those physical activities that you did 
for at least 10 minutes at a time. 
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During the last 7 days, on how many days did you do moderate physical activities 
like carrying light loads, bicycling at a regular pace, or doubles tennis?  Do not 
include walking. (days per week:  If no vigorous activities, skip to Question 5) 
4. How much time did you usually spend doing moderate physical activities on one of 
those days? (hours per day, minutes per day) 
5. Think about the time you spent walking in the last 7 days.  This includes at work and 
at home, walking to travel from place to place, and any other walking that you might 
do solely for recreation, sport, exercise, or leisure. 
During the last 7 days, on how many days did you walk for at least 10 minutes at a 
time?  (days per week:  If no walking, skip to Question 7) 
6. The last question is about the time you spent sitting on weekdays during the last 7 
days.  Include time spent at work, at home, while doing course work and during 
leisure time.  This may include time spent sitting at a desk, visiting friends, reading, 
or sitting or lying down to watch television. 
During the last 7 days, how much time did you spend sitting on a week day? (hours 
per day, minutes per day). 
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A12.  Visual Analogue Scales (VAS) Appetite and Mood: Instructions for 
Participants 
 
Please answer the following questions by placing a vertical mark through the line.   
Please answer according to your feelings at this moment. 
     
1. How hungry do you feel right now?  
2. How full do you feel right now?  
3. How much food could you eat right now?  
4. How much do you want to eat something right now?  
5. How stressed do you feel right now?  
6. How alert do you feel right now?  
7. How content do you feel right now?  
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Figure A1: Visual Analogue Scales (VAS) screenshot   
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A13.  Leeds Food Preference Questionnaire (Finlayson et al., 2007): 
Instructions for Participants 
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Figure A2: Leeds Food Preference Questionnaire (LFPQ) screenshot   
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A14.  Card Arranging Reward Responsivity Objective Test (CARROT; Powell 
et al., 1996): Instructions for Participants 
Card Sorting Task - Instructions 
 
Block 1 
 
This is a virtual card-sorting task.  You have a ‘pack’ of cards each containing 5 
digits in a line, like the one below.  When you click ‘Start’, the Xs shown will be 
replaced by numbers (don’t do it just yet).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Each card contains either a 1, 2 or 3.  As you can see, the one above contains a 
3.  There is only ever one of these numbers on each card, and each card will 
contain one of them somewhere amongst other numbers.   
 
 
 
 
 
 
 
 
(Turn over the sheet) 
4 
8 
6 
3 
9 
x 
x 
x 
x 
x 
Example 
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           Pile 1    Pile 2    Pile 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
What you have to do is find the number 1, 2 or 3 on each card and ‘sort’ that 
card into the corresponding ‘pile’ at the top of the screen, marked either 1, 2, 
or 3 as quickly as you can by clicking on the right ‘pile’.  Don’t drag the card 
into the pile, just click anywhere on the pile. 
 
Don’t worry if you make a mistake and click on the wrong pile – you will not be 
penalised for mistakes. 
 
When you are ready, click ‘Start’ and the Xs at the top of the pack will change 
to show the numbers on the first card.  Start sorting straight away.  
 
When you have finished sorting all the cards in the ‘pack’ and a message 
comes up on the screen, turn to the next sheet.  Ready? Click ‘Start’. 
x 
x 
x 
x 
x 
4 
8 
6 
3 
9 
The card contains a 3. Click 
the mouse anywhere on Pile 
3 to ‘sort’ the card into that 
pile. 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
Example 
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Block 2 
 
For this block, sort the cards just as before, by clicking on the corresponding 
pile depending on whether the cards contain a 1, 2 or 3.   
 
This time, the task will tell you when to stop sorting. 
 
When your time is up and a message comes up on the screen, turn to the next 
sheet. 
 
Ready? Click ‘Start’. 
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Block 3 
 
For this block, you need to sort in the same way as before, but this time you 
will be REWARDED for very fast sorting. 
 
For every FIVE cards that you correctly sort, you will get 50 cents.  The money 
you earn will appear on a moving counter on the screen as you sort, but there 
is no need to look at it, just keep sorting as quickly as you can.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The experimenter will give you the money that you earn at the end of the 
experiment, and you can take it with you.  Don’t worry, it won’t be in 50c 
pieces though! 
 
Again, the program will let you know when your time is up.  When a message 
comes up on the screen, turn to the next sheet. 
 
Ready? Click ‘Start’. 
  
Money Earned: 
 
Example 
$1.50 
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Block 4 
 
This is the last block.   
 
This time you need to sort the cards in exactly the same way as before, but this 
time you won’t earn any money.  
 
Again, the program will let you know when your time is up.   
 
Ready? Click ‘Start’. 
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A15.  GoStop Task (Dougherty et al., 2005): Instructions for Participants 
Go-Stop Task – Instructions 
 
In this task, you will see strings of 5-digit numbers presented in very quick 
succession.   
 
 
 
 
 
 
Some of the numbers will match the one previously shown on the screen.  If you see 
a number that matches the previous one, click the mouse (similar to a game of 
‘snap’).  You need to click whilst the second number is still on the screen.   Clicking 
after the number has left the screen will not count.   
 
Sometimes a number will change colour from black to red.  If a matching number 
changes to red, do NOT click.  
 
 
 
 
To recap: click the mouse on as many numbers as possible that match the previous 
number presented, but ONLY if they stay black, and ONLY while they are still on the 
screen. 
 
Not everyone finds the task easy.  If you make a mistake, don’t worry – relax, 
concentrate and keep going with the task.   There will be a timed pause in the middle 
where you can rest. 
 
  
7 8 9 2 3 
Example 
7 8 9 2 3 
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A16.  Iowa Gambling Task (Bechara et al., 1994): Instructions for Participants  
 
Experimenter:   This is a gambling game.  What you do is choose cards from either of these 
four decks by pressing the key associated with each: A, B, C or D on the keyboard.  Each 
time you choose a card, it will be associated with a certain amount of money that you win.  
The aim of the game is just to win as much money as possible.  You can choose cards from 
any or all of the decks.  However, some of the cards are also associated with penalties.  
Sometimes, when you choose a card, the computer will tell you: ‘You have won $x’, but also 
‘You have lost $x’.  So, another aim is to avoid losing as much as possible. 
 You may find over the course of the game that some of the decks are better than 
others.  The other point to note is that the computer is fair – it doesn’t switch the order of the 
decks around.  You just have a certain number of goes, and the game will be over once 
you’ve gone through them all.  The status bar will let you know how much money you have.    
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A17.  N-back Task: Instructions to Participants 
 
Experimenter:  Part 1: This is another number-matching task.  You’ll see a series of numbers 
coming up on the screen, just one number at a time.  Each time a number comes up, you have 
to make a response: either to say it is the same as the one before, pressing ‘I’ for identical on 
the keyboard, or that it isn’t the same as the one before, by pressing ‘P’ for not identical.  
You’ll see plus signs come up between each number: they’re designed to direct your gaze, 
but since you already know where you’re looking you can ignore them.  Just focus on the 
numbers that come up between the plus signs.  You’ll have a practice before you go into the 
main task. 
 Part 2: This part is similar to the part you’ve just done, but instead of saying whether 
the number on the screen is the same as the one before it, you’re saying whether the number 
on the screen is the same as two numbers ago – that is, the number before last.  Again, you’re 
pressing ‘I’ for identical and ‘P’ for not identical.  The numbers don’t come up in cycles of 
three – they do keep going.  This is not a particularly easy task.  If you make a mistake, don’t 
worry – just relax and keep focusing on the numbers as they come up.  You’ll have another 
practice before the real task.  
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Figure A3: N-back task instruction screenshot  
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A18.  Wisconsin Card Sorting Test (Heaton et al., 1993): Instructions to 
Participants 
 
Experimenter: This is a card-sorting game.  You have a series of cards here at the bottom of 
the screen, and what you have to do is to sort the cards into one of these four piles at the top 
of the screen.  You sort a card by clicking on the pile – it will move into the pile and stay 
there, you don’t need to drag it.  So, eventually these piles will be populated by the cards that 
you’ve placed there – but you’re always sorting according to these cards here at the top of 
each pile. 
 I can’t tell you how to sort the cards, but the computer will give you feedback each 
time you sort a card.  It’ll say ‘correct’ or ‘incorrect’.  That way, you can work out how it 
wants you to sort them.  This task is not timed so you can take your time.   
 
 
Figure A4: Wisconsin Card Sorting Test (WCST) screenshot  
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A19.  Post-participation Questionnaire (Chapters 5-7) 
 
1. Did you abstain from eating for three hours before: 
a. The first session? (select one: Yes; No) 
b. The second session? (select one: Yes; No) 
2. How familiar was the food presented during the experiment to you? (select one: Very 
unfamiliar; Unfamiliar; Familiar; Very familiar) 
3. In the experimental sessions, do you think that you ate: (select one: Much less; 
Slightly less; About the same; Slightly more; Much more) of the food than you would 
normally (at home)?  Please give details: 
4. During the experiment, did you respond (select one: According to your feelings; 
According to how you thought the experimenter wanted you to respond) 
5. What did you think the experiment was about?  
6. Do you plan to compensate for the food that you ate during the experimental session 
today when deciding how much to eat later, or when deciding how much exercise to 
take later? (select one: Yes, No; Please give details) 
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A20.  Post-participation Questionnaire (Chapter 8) 
 
1. Did you abstain from eating and exercising for three hours before your visit? (select 
one: Yes; No (I ate or exercised less than 3 hours before the session).  If no, please 
give details:) 
2. At the meal you were just given, how much food do you think you ate compared to 
how much you would normally eat (e.g. at home, or for your normal lunch)? (select 
one: Ate much less; Ate slightly less; Ate about the same; Ate slightly more; Ate 
much more) 
3. Did you eat more than, less than, or the same as you thought you would eat at the start 
of the meal, when the food was first presented? (select one: Ate much less; Ate 
slightly less; Ate about the same; Ate slightly more; Ate much more) 
4. What did you think the experiment was about? 
5. Is there anything that you think affected your behaviour at any time?  If yes, please 
specify: 
6. Do you know what you will have for your next meal after this session (afternoon 
tea/dinner)? (select one: Yes, I know exactly; I have some idea of the type of food I 
will eat, although it’s open to variation; No, I never plan meals in advance; Yes, I 
know on this occasion, but typically I don’t know; No, I don’t know what I’ll have on 
this occasion, but usually I do) 
7. Do you plan to compensate for the food that you ate during the experimental session 
today when deciding how much to eat later, or when deciding whether or how much 
exercise to take later? (select one: Yes; No.  If yes, please specify:) 
8. Do you have any other comments? 
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Appendix B: Leeds Food Preference Questionnaire Photographic 
Stimuli 
 
B1.  Category: High-fat savoury (HFSa) 
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B2.  Category: High-fat sweet (HFSw) 
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B3.  Category: Low-fat sweet (LFSw) 
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B4.  Category: Low-fat savoury (LFSa) 
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B5.  Photographic Stimuli Ratings  
 
Photographs were rated by 24 adults on four attributes, using a seven-point scale where 1 
was the least and 7 was the most (Finlayson et al. 2009), unpublished data.  The attributes 
were: perceived appetisingness, typicality, fat content and sweetness.  Mean ratings of the 
16 photos used are presented in Table C1.   Ratings were used in photograph selection.   
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Table B1: Mean ratings of photographic stimuli used in Leeds Food Preference  
Questionnaire 
 
 
 
 
 
  
Food name Category Appetisingness  Typicality Fat content Sweetness 
Fried chicken HFSa 4.91 5.61 6.00 1.61 
Burger HFSa 4.43 5.91 5.78 1.52 
Fries HFSa 4.09 5.50 5.86 1.68 
Crisps (chips) HFSa 4.43 5.87 3.70 1.70 
Cheesecake HFSw 5.52 5.61 6.17 6.30 
Cookies HFSw 4.70 5.70 5.30 5.91 
Pastry HFSw 4.57 4.74 5.78 6.17 
Chocolate HFSw 4.74 5.70 5.48 6.30 
Apple LFSw 5.00 6.30 1.30 5.26 
Jelly beans LFSw 4.13 5.39 2.09 6.43 
Nectarine LFSw 4.22 4.52 2.13 5.96 
Strawberries LFSw 6.00 6.70 1.43 5.83 
Tomato LFSa 5.04 5.65 1.26 2.43 
Broccoli LFSa 3.26 5.74 1.22 1.43 
Pasta and sauce LFSa 3.91 5.22 3.17 2.09 
Pepper (capsicum) LFSa 4.43 6.09 1.26 2.39 
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Appendix C: Overview of Experimental Sample 1 (Chapters 5-7) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: 5 = contributed to Chapter 5; 6 = contributed to Chapter 6; 7 = contributed to Chapter 7 
All measures were administered in a fixed order.   
TFEQ-D = Three Factor Eating Questionnaire, disinhibition subscale; DEBQ-R = Dutch 
Eating Behaviour Questionnaire, Restraint subscale; BIS-11 = Barratt Impulsivity Scale; BIS-
BAS = Behavioural Inhibition-Behavioural Activation Scales; IPAQ = International Physical 
Activity Questionnaire; VAS = visual analogue scales of appetite and mood; CARROT = 
Card Arranging Reward Responsiveness Objective Test; LFPQ = Leeds Food Preference 
Questionnaire; WC = waist circumference.  *Second session only (food-cue or neutral 
condition); opportunistic taste test was optional.   
  
Online measures  
General 
questionnaire 
5, 6, 7 
 
TFEQ-D 
6, 7 
 
DEBQ-R 
6, 7 
 
BIS-11 
7 
 
BIS-BAS 
5 
 
IPAQ 
Laboratory test sessions (repeated measures: food-cue or neutral condition) 
VAS 
5, 6, 7 
LFPQ or Furniture 
Preference 
Questionnaire  
5, 6, 7 
GoStop 
6, 7 
Food cue 
or neutral 
video  
6 
Taste test 
5, 6, 7 
VAS 
5, 6, 7 
VAS 
5, 6, 7 
CARROT 
5 
Opportunistic 
taste test* 
7 
VAS* 
7 
Height, 
weight, 
WC* 
5, 6, 7 
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Appendix D: Scale Properties  
 
Table D1:  Psychometric properties of questionnaire scales used in Chapter 5 (N= 50)  
 
 Mean (SD) Range Cronbach’s alpha 
BAS Reward 
responsiveness 
16.98 (1.85) 13-20 .65 
BAS Fun seeking 11.34 (2.23) 5-16 .77 
BAS Drive 10.84 (2.04) 6-16 .69 
Note: BAS = Behavioural Activation Scale 
 
 
Table D2:  BAS subscale intercorrelations coefficients, from Chapter 5  
 BAS reward 
responsiveness 
BAS fun 
seeking 
BAS drive 
BAS Reward 
responsiveness 
 .559** .562** 
BAS Fun seeking   .442** 
BAS Drive   . 
** p < .001 
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Table D3:  Psychometric properties of questionnaire scales used in Chapter 6 (N= 50) 
 
 Mean (SD) Range Cronbach’s alpha 
DEBQ-R 2.42 (0.74) 1-3.9 .90 
TFEQ-D 5.32 (3.02) 1-12 .75 
Note: DEBQ-R = Dutch Eating Behaviour Questionnaire, restraint subscale; TFEQ-D = 
Three Factor Eating Questionnaire, disinhibition subscale  
 
 
 
Table D4:  Psychometric properties of questionnaire scales used in Chapter 7 (N= 50) 
 
 Mean (SD) Range Cronbach’s alpha 
DEBQ-R 2.42 (0.74) 1-3.9 .90 
TFEQ-D 5.32 (3.02) 1-12 .75 
Attentional 
impulsivity1 
15.72 (3.00) 10-21 .61 
Motor impulsivity1 21.15 (3.34) 14-28 .58 
Non-planning 
impulsivity1  
22.32 (4.63) 12-31 .77 
Note: DEBQ-R = Dutch Eating Behaviour Questionnaire, restraint subscale; TFEQ-D = 
Three Factor Eating Questionnaire, disinhibition subscale; 1Subscale of Barratt Impulsivity 
Scale (version 11) 
 
 
282 
 
Table D5:  Psychometric properties of questionnaire scales used in Chapter 8 (N= 59) 
 
 Mean (SD) Range Cronbach’s alpha 
TFEQ-D 6.27 (3.10) 1-13 .55 
DEBQ-R 2.70 (0.63) 1.3-3.8 .83 
DEBQ-Em 2.15 (0.74) 1.0-3.8 .94 
DEBQ-Ex 2.95 (0.55) 1.8-4.1 .78 
Attentional impulsivity1 15.32 (3.14) 9-25 .67 
Motor impulsivity1 20.66 (2.95) 15-26 .51 
Non-planning impulsivity1  22.85 (4.21) 12-31 .68 
TCSC 3.57 (0.65) 1.7-4.7 .86 
PSS 16.22 (5.03) 4-28 .73 
Note: TFEQ-D = Three Factor Eating Questionnaire, disinhibition subscale; DEBQ-R = 
Dutch Eating Behaviour Questionnaire, restraint subscale; DEBQ-Em = emotional eating 
subscale; DEBQ-Ex = external eating subscale; 1Subscale of Barratt Impulsivity Scale 
(version 11); TCSC = Tangey’s Self Control Scale; PSS = Perceived Stress Scale. 
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Appendix E: Participant Characteristics:  
Dieting and Acceptance of Being Overweight  
 
E1.  Chapter 6 
 
Current dieters were excluded from this experiment; however, participants were asked to 
report their dieting history.  Fifty percent of the sample reported never having dieted, 16% 
reported that they used to diet, 32% reported sometimes dieting and one participant (2%) 
reported always dieting.  This did not vary according to weight status (BMI < or > 25; χ² = 
3.29, p = .35), although 40% of those who were overweight reported sometimes dieting 
compared with 29% of those who were normal-weight.  There were no differences according 
to gender (χ² = 5.14, p = .16).  The sole difference in self-monitoring was according to 
gender, with 84% of females reporting looking at themselves in a full-length mirror at least 
once a day compared with 16% of males (χ² = 13.07, p = .01).   
Participants were asked how acceptable they (would) find it to be overweight.  
Eighty-two percent of the participant sample (n = 41) reported that they would find/do find 
(as applicable) it ‘completely unacceptable’ or ‘unacceptable’ to be overweight.  Twelve 
percent reported that it was ‘of no consequence’, and three individuals (6%) reported that it 
(would) be ‘acceptable’.  This proportion did not vary according to gender (χ² = 3.97, p = .27) 
or weight status (χ² = 31.55, p < .001), although a slightly greater percentage of overweight 
participants reported that it was ‘of no consequence’ or ‘acceptable’ to be overweight (20%) 
than those in the normal-weight range (17%).  Acceptance of overweight was positively 
correlated with BMI (r = .36, p = .01).  There were no differences in self-weighing according 
to gender or weight status.  
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E2.  Chapter 8 
 
Analysis of self-reported current dieting and dieting history revealed that 18% of the sample 
reported currently dieting to lose weight (L n = 1, O n = 5, R n = 5), with numbers not 
significantly different between groups (χ² = 3.73, p = .16) or across genders (χ² = 2.21, p = 
.14).  Self-reported dieting history (response options: Never dieted, Used to diet, Sometimes 
diet, Often diet or Always dieting) was significantly different between groups (χ² = 17.97, p = 
.006); 75% of the lean group reported never having dieted whereas 60% of the overweight 
group reported sometimes dieting and 37% of the reduced group reported sometimes dieting 
or that they used to diet (32%).  Dieting history did not significantly vary between genders (χ² 
= 4.36, p = .23), although more males than females reported never dieting (54% of males 
compared with 29% of females).   
There was a between-group difference in self-reported perceived acceptability of (the 
possibility of) being overweight (χ² = 31.55, p < .001); 100% of the lean group and 95% of 
the reduced group reported that it would be ‘completely unacceptable’ or ‘unacceptable’ to be 
overweight, with 55% of the lean group responding ‘completely unacceptable’.  Fifteen 
percent of the overweight group reported being overweight as ‘of no consequence’ and 15% 
reported it would be ‘acceptable’ (n = 3).  Only one participant (in the reduced group) 
reported that being overweight would be ‘completely acceptable’.  There were no differences 
according to gender (χ² = 7.59, p = .11).  Reported self-weighing was not associated with 
weight status (χ² = 8.11, p = .42), current dieting (χ² = 3.86, p = .43) or dieting history (χ² = 
5.71, p = .93).  
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Appendix F: Leeds Food Preference Questionnaire (LFPQ) 
Intercorrelations 
 
Across samples, scores within food categories were positively correlated (see Tables F1 – 
F3).  Correlations between explicit wanting and liking were particularly strong.  Scores for 
implicit and explicit wanting for high-fat vs. low-fat categories appeared to be in most cases 
negatively correlated regardless of taste, suggesting a dissociation of preference for either 
high-fat or low-fat foods.  
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Table F1: LFPQ categories intercorrelation coefficients for experimental sample 1, Chapters 5-7 (correlations within categories in bold) 
 
  Implicit wanting  Explicit wanting  Explicit liking  
  HFSa LFSa HFSw LFSw  HFSa LFSa HFSw LFSw  HFSa LFSa HFSw LFSw 
 
Implicit 
wanting 
HFSa . -.31* -.15 -.62** .62** .08 .21 -.28*  .63** .04 .11 -.22 
LFSa  . -.56** .01 -.05 .59** -.15 .14  -.06 .54** -.19 .05 
HFSw   . -.37** .09 -.26 .51** -.20  .09 -.18 .54** -.20 
LFSw    . -.69** -.34* -.60** .37**  -.69** -.33* -.49** .38** 
 
Explicit 
wanting 
HFSa     . .58** .75** .20  .97** .63** .66** .21 
LFSa      . .43** .50**  .56** .94** .36* .41** 
HFSw       . .27  .74** .51** .92** .24 
LFSw        .  .20 .54** .33* .96** 
 
Explicit 
liking  
HFSa          . .61** .69** .21 
LFSa           . .46** .47** 
HFSw            . .33* 
LFSw             . 
HFSa = high-fat savoury; LFSa = high-fat savoury; HFSw = high-fat sweet; LFSw = low-fat sweet; * p < .05; ** p < .01 
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Table F2: LFPQ categories intercorrelation coefficients for experimental sample 2, Chapter 8 (correlations within categories in bold) 
 
  Implicit wanting  Explicit wanting  Explicit liking  
  HFSa LFSa HFSw LFSw  HFSa LFSa HFSw LFSw  HFSa LFSa HFSw LFSw 
 
Implicit 
wanting 
HFSa . -.66** .11 -.67** .78** -.26* .23 -.32*  .81** -.20 .20 -.30* 
LFSa  . -.56** .26* -.46** .65** -.48** .13  -.48** .65** -.44** .10 
HFSw   . -.44** .16 -.41** .64** -.27*  .13 -.45** .60** -.29* 
LFSw    . -.65** -.01 -.35** .53**  -.63** -.05 -.32* .55** 
 
Explicit 
wanting 
HFSa     . .06 .45** -.15  .93** .08 .37** -.13 
LFSa      . -.07 .34**  .03 .90** -.03 .34** 
HFSw       . .11  .40** -.14 .87** .09 
LFSw        .  -.13 .23 .00 .90** 
 
Explicit 
liking  
HFSa          . .04 .43** -.08 
LFSa           . -.11 .29* 
HFSw            . .07 
LFSw             . 
HFSa = high-fat savoury; LFSa = high-fat savoury; HFSw = high-fat sweet; LFSw = low-fat sweet; * p < .05; ** p < .01 
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Table F3: LFPQ categories intercorrelation coefficients for experimental sample 3, Chapter 9 (correlations within categories in bold) 
 
  Implicit wanting  Explicit wanting  Explicit liking  
  HFSa LFSa HFSw LFSw  HFSa LFSa HFSw LFSw  HFSa LFSa HFSw LFSw 
 
Implicit 
wanting 
HFSa . -.46 -.12 -.75** .75** -.10 -.02 -.33  .84** -.19 -.11 -.23 
LFSa  . -.71** .29 -.22 .59* -.32 .27  -.40 .64* -.36 .01 
HFSw   . -.18 -.04 -.46 .54* -.10  .05 -.43 .62* .05 
LFSw    . -.80** -.05 -.26 .28  -.81** .00 -.18 .28 
 
Explicit 
wanting 
HFSa     . .35 .49 .12  .94** .28 .39 .17 
LFSa      . .34 .73**  .12 .93** .18 .53* 
HFSw       . .57*  .35 .32 .94** .65** 
LFSw        .  -.12 .60* .41 .89** 
 
Explicit 
liking  
HFSa          . .05 .31 -.04 
LFSa           . .24 .49 
HFSw            . .56* 
LFSw             . 
HFSa = high-fat savoury; LFSa = high-fat savoury; HFSw = high-fat sweet; LFSw = low-fat sweet; * p < .05; ** p < .01
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Appendix G: Chapter 6 Supplementary Data  
 
G1.  Interaction Analysis  
 
In order to further investigate the interaction between inhibitory control and sensitivity to 
food reward observed in Chapter 6, the simple slopes of each interaction term was calculated 
from unstandardised coefficients of centred variables presented in Table 6.1 (Chapter 6).  
Simple slopes of interactions between inhibitory control and sensitivity to food reward 
predicting snack intake in the neutral and food-cue conditions are shown in Figure G1.   
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Note: High = +1 SD; Low = -1SD; Control = inhibitory self control; Reward = sensitivity to 
food reward  
 
Figure G1: Simple slopes of interactions between inhibitory control and sensitivity to food 
reward predicting snack intake in (a) neutral and (b) food cue conditions  
 
 
Data show that in both conditions, intake is lowest when inhibitory control is high and 
food reward sensitivity is also high, contrary to expectations that intake would be lowest 
when high control was paired with low reward.  This may indicate that inhibitory control 
plays a more active role in determining consumption when high reward sensitivity is also 
present, possibly suggesting that inhibitory control may be a conscious process to reduce the 
effect of reward-related impulses to overconsume.   Furthermore, the slopes of the graphs 
show that inhibitory control exerts a stronger influence on snack intake than sensitivity to 
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food reward.  This is particularly the case in the food cue condition, which may necessitate a 
greater need for control if food cues activate reward-related impulses.   
 Snack intake appears to be similar in both the neutral and food-cue conditions for 
each of the four interaction pairings.   This supports the lack of significant difference 
observed in mean snack intake between conditions (see Chapter 6).  It is of interest, however, 
that consumption is greatest when food reward sensitivity is low, rather than high.  Figure G1 
shows that the greatest difference between intake in the neutral and food-cue conditions are 
for the high reward, high control (HRHC) and low reward, high control (LRHC) pairings.  
Intake for the LRHC is slightly higher in the food cue condition than the neutral condition.  
However, intake for the HRHC is reduced in the food cue condition.  This may provide 
further evidence that the presence of a food cue such as a food advertisement, which may 
stimulate reward-related impulses, may also stimulate inhibitory drives where possible and 
result in reduced intake.  In sum, self control appears to be a stronger determinant than food 
reward sensitivity of snack intake and resistance to overconsumption.   
 
G2.  Gender Differences Analysis 
 
In order to more closely examine gender differences in predictors of intake in the neutral and 
food cue conditions, correlation analysis was conducted within each gender separately.  
Analysis of candidate variables revealed that in males, dietary disinhibition was positively 
correlated with food reward sensitivity (r = .55, p = .008).  In females, disinhibition was 
positively correlated with restraint (r = .43, p = .02).  However, neither disinhibition nor 
restraint was correlated with food intake in either condition for males or females (p all > .05).   
 Correlations with food intake in the neutral and food cue conditions for males and 
females are presented in Table G2.  Analysis of each gender separately shows that sensitivity 
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to food reward is related to food intake in males only, significantly in the food cue condition 
only.  Inhibitory self control is significantly related to snack intake in females only, with little 
difference apparent between conditions.   
 
Table G2: Correlation coefficients of snack food intake in both conditions, with males and 
females analysed separately 
 
 Snack intake condition SFR r ISC r 
Males (n = 22) Neutral  .24 -.25 
 Food cue  .43* -.17 
Females (n = 28) Neutral  .08 -.41* 
 Food cue  .05 -.43* 
Note: SFR = sensitivity to food reward; ISC = inhibitory self control 
 
 Data suggest that there are differences between genders in correlates of snack intake, 
with inhibitory self control more closely related to resistance to overconsumption in females 
than males.  By contrast, sensitivity to food reward is a positive correlate of intake in males 
only, with no relationship apparent in females.   
 Although no change in mean intake between conditions was apparent, there does 
appear to be a slight difference in correlates between conditions, possibly indicative of an 
interaction.  The marginally stronger correlation between inhibitory control and reduced food 
intake in females in the food cue condition may reflect renewed resistance to 
overconsumption in the presence of the food cue, although the further diminishing in 
relationship between intake and food reward sensitivity in the food cue condition suggests 
that this is not in response to a greater reward-driven desire to eat.  In males, however, the 
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observed relationship between reward sensitivity and intake in the food cue condition only 
suggests that the food cue may have triggered reward-related overconsumption in some 
individuals.  In the food cue condition, inhibitory control was more weakly associated with 
intake than without the cue, whereas in the neutral condition, both factors appear to be hold 
equal and opposite relationships with intake.  While these initial results are interesting, 
replication with a larger sample size is necessary in order to more closely examine any 
potential interactions between food cue and gender on snack intake.   
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Appendix H: Chapter 6 Supplementary Data: Gender Differences 
Analysis 
 
H1.  Background 
 
Research provides evidence of gender differences in a range of eating behaviours (see Rolls, 
Fedoroff et al. 1991 for a review).  Females are more likely than males to be dissatisfied with 
their weight and to diet (Neumark-Sztainer, Sherwood et al. 1999, Wardle, Haase et al. 2004) 
and may rely more on cognitive regulation of food intake than males (Conner, Johnson et al. 
2004).  Dietary restraint tends to be higher in females than males (Conner, Johnson et al. 
2004, Cornier, Salzberg et al. 2010), indicating that it may exert a stronger influence over 
females’ eating behaviour.  Further, following exposure to palatable foods, females show 
activation in brain regions associated with inhibitory control, while males do not (Cornier, 
Salzberg et al. 2010, Killgore and Yurgelun-Todd 2010); this inhibitory activation appears to 
moderate intake.  Research suggests that males’ appetite may be more influenced  by 
homeostatic motivational state (e.g., sensations of hunger/fullness) than females, with males 
showing a larger decrease in cortical activation when satiated (Haase, Green et al. 2011), 
which may differentially affect overconsumption in the absence of hunger.  Overconsumption 
in males may be more influenced by external factors such as the timing and availability of 
food (Tuomisto, Tuomisto et al. 1998).  A study examining causes of eating termination 
found that males were more likely than females to eat until no more food was available 
(Zylan 1996).   
Chi-square analysis was conducted to investigate the relative proportion of males and 
females accepting the supplementary taste test.  In order to test for gender differences in 
predictors of intake at both the mandatory and volitionally initiated taste tests, regression 
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analysis was conducted with unique variables and interactions with each with gender.  
Gender differences were further explored via correlation analysis for each gender separately.   
 
H2.  Gender differences in snacking initiation  
 
Examination of genders separately indicated that a difference between acceptors and non-
acceptors in inhibitory control was present in males only.  Amongst males, those who 
accepted performed significantly better in inhibitory self control than those who declined the 
taste test (M = 44.22 acceptors vs. M = 32.74 non-acceptors; t(20) = -2.29, p = .029).  
However, amongst females, those who accepted the supplementary taste test scored 
significantly higher on attentional impulsivity than those who did not (M = 16.17 acceptors 
vs. M = 12.40 non-acceptors; t(26) = -2.65, p = .014).  Females who accepted were also 
significantly older (M = 36.35 acceptors vs. M = 29.20 non-acceptors; t(20.21) = -2.24, p = 
.04).      
 
H3.  Gender differences in predictors of mandatory and volitionally initiated snack 
intake 
 
All variables were considered as potential predictors of snack intake in order to account for 
the possibility of differential gender relationships being masked in the overall sample.  
Analyses revealed gender differences in predictors of volitionally initiated snack intake only 
(see Table H1).  Interactions with gender were seen with BMI and dietary restraint.  
Correlational analysis showed that in males, BMI was positively correlated with amount 
eaten when volitionally initiated (r = .48, p = .02).  In females, dietary restraint was 
negatively correlated with volitional intake (r = -.45, p = .02).    
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Table H1: Linear regression examining unique variable contribution and interaction with 
gender in predictors of mandatory and volitionally initiated snack intake.  
 Variable  Beta p Interaction 
Beta 
p 
 
 
Predictors of 
mandatory intake 
BMI 0.05 .75 -0.95 .35 
Restraint -0.02 .90 -1.19 .10 
Disinhibition 0.26 .06 -0.48 .33 
Attentional impulsivity  -0.02 .87 0.40 .66 
Motor impulsivity  0.30 .03 -1.04 .28 
Non-planning 
impulsivity 
0.07 .48 0.75 .37 
Inhibitory control -0.35 .02 1.03 .20 
Sensitivity to food 
reward 
4.84 <.001 0.01 .98 
 
 
Predictors of 
volitional intake 
BMI 0.27 .07 -2.78 .02 
Restraint 0.03 .83 -1.75 .02 
Disinhibition 0.17 .22 -1.03 .31 
Attentional impulsivity  0.13 .35 0.18 .84 
Motor impulsivity  0.37 .008 -0.77 .42 
Non-planning 
impulsivity 
0.74 .46 0.90 .29 
Inhibitory control -0.55 .58 0.08 .93 
Sensitivity to food 
reward 
0.38 .008 -0.18 .86 
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H4.  Discussion  
 
The aim of this analysis was to investigate gender differences in drivers of overconsumption 
in this context, given that broader gender differences in eating behaviour have been reported, 
and that overconsumption may not progress similarly in males and females.  Significant 
gender differences were observed in two predictors of opportunistically initiated snack intake 
only.  In females, a reduction in intake was associated with dietary restraint, so that it 
appeared to be a protective factor.  In males, however, intake was associated with BMI.  This 
suggests that in the absence of hunger, intake in females may be more influenced by 
cognitive factors, whereas males’ intake may be adjusted in line with homeostatic cues 
related to energy requirements (Gadah, Kyle et al. 2013). 
The finding that snack intake was positively associated with BMI in males may reflect 
a response to elevated energy needs associated with higher body weight in this sample.  
However, the direction of causation is unclear, as eating in the absence of hunger is likely to 
be a risk factor for weight gain when repeated on a habitual basis.  This is consistent with 
work showing that eating that is in response to internal hunger and satiety signals is 
associated with lower BMI (Madden, Leong et al. 2012); here, volitionally initiated intake in 
a satiated state was not related to appetite.  The absence of an observed association with 
overconsumption and higher BMI in females may merit further investigation.  However, this 
finding is in accordance with research indicating that factors predicting energy intake are not 
necessarily identical to those predicting weight status (French, Mitchell et al. 2014).  It is 
possible that the female proportion of the sample may be more inclined to employ 
cognitively-driven behavioural strategies that facilitate weight control, such as dietary 
restraint to reduce food intake, as suggested by the current sample.  Here, we found that 
restraint was a moderator of intake, in females only.  A body of research has found that 
298 
 
restraint is more prevalent in females (e.g. Rolls, Fedoroff et al. 1991, Conner, Johnson et al. 
2004, Cornier, Salzberg et al. 2010).   
In the present study, female participants who were more restrained may have more 
clearly recalled their intake at the previous, compulsory, taste test, and subsequently 
compensated for this by keeping their intake in the present study under tighter control.  
However, in this sample it is not clear whether dietary restraint was involved in reducing 
intake in an attempt to compensate for earlier intake.  Analysis of intake at both tests showed 
a positive correlation between intake at each, suggesting that compensation was not a key 
driver of intake.  These findings suggest that higher dietary restraint in females could protect 
against overconsumption in the absence of hunger.   
We also observed an unexpected gender difference amongst factors associated with 
acceptance of the supplementary taste test.  In females, poorer attentional control was 
associated with initiation of the snacking episode, suggesting that overconsumption may be 
associated with a lapse in attention as to whether the food is required.  However, males 
showed the opposite pattern: greater inhibitory control was associated with snacking 
initiation.  This may suggest that males who were better at inhibitory control may have been 
more likely to consciously initiate eating at this taste test.  This last finding deviates from 
previous literature demonstrating a link between overconsumption in terms of eating 
termination and inhibitory self control (Guerrieri, Nederkoorn et al. 2007, Allan, Johnston et 
al. 2010, Houben 2011), and may indicate differences between elements of self control 
(Fields, Sabet et al. 2013, Sharma, Markon et al. 2013) associated with processes involved in 
initiating versus terminating an eating episode.   
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Appendix I: Supplementary Data Chapter 8 
 
I1.  Participant characteristics:  Self-reported physical activity level  
 
Self-reported vigorous and moderate physical activity levels (measured using the IPAQ) did 
not vary between participant groups.  However, there was a significant difference in walking 
(F(2, 56) = 4.19, p = .02); the lean group reported walking significantly more minutes per 
week than the overweight group.  Means are displayed in Figure I1.     
 
 
 
 
 
 
 
 
Figure I1: Mean minutes per week reportedly spent in vigorous (a) and moderate (b) exercise 
and walking (c) by participant group (error bars +/- 2 S.E. mean). * p <.05 
* 
(a) (b) 
(c) 
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I2.  Eating behaviour traits 
 
Descriptive statistics and subscale intercorrelations for disinhibited, (TFEQ-D), restrained 
(DEBQ-R), emotional (DEBQ-Em) and external eating (DEBQ-Ex) are presented in Table 
I1. 
 
Table I1: Mean eating styles and subscale correlations  
 
 Disinhibition Restraint Emotional 
eating 
External eating 
Mean (SD) 6.27 (3.10) 2.70 (0.63) 2.14 (0.74) 2.95 (0.55) 
Disinhibition r . .26* .65** .47** 
Restraint r  . .27* .19 
Emotional eating r   . .61** 
External eating r    . 
* p < .05; ** p < .01 
 
 
I3.  Reported palatability of test foods  
 
Examination of VAS means showed that all test foods were moderately well liked, with the 
apple scoring highest (M = 75.3mm) and the cookies lowest (M = 41.8mm) on palatability.  
There was large variability in reported palatability, with most foods ranging from 1 to 
100mm, except for apple which had a minimum of 15mm.  Reported palatability of the 
sausage rolls was positively correlated with total energy intake (r = .27, p = .04) and total fat 
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intake (r = .32, p = .01).  Reported palatability of the cheesecake was positively correlated 
with total energy intake (r = .43, p = .001), total fat intake (r = .41, p = .001) and total sugar 
intake (r = .44, p < .001).  There were no significant differences between groups on reported 
palatability of any test meal item.  
 
I4.  Meal duration 
 
Mean total energy, sugar and fat intake were all positively correlated with meal duration in 
the overweight and reduced groups (r range .54-70, p all <.05), but not the lean group (p all 
>.05).  Meal duration did not vary significantly by group (L M 20.53 minutes, O M 19.37 
minutes, R M 17.32 minutes, F(2, 56) = .79, p = .46).   
 
I5. Effects of sleep on overconsumption  
 
In order to examine any influence of sleep on overconsumption, sleep duration was assessed 
on arrival to the laboratory with the questions: ‘At what time did you go to sleep last night?’ 
and ‘At what time did you wake up this morning?’.  Participants were also asked to give a 
subjective rating of their sleep quality the previous night using a 5-point scale (1 = extremely 
poor, 5 = extremely restful).  Finally, subjective tiredness was assessed using visual analogue 
scales (VAS; see Chapter 8) at five time-points over the experimental session. 
 Mean sleep duration was 7.8 hours (SD 1.1 hour), and was not significantly different 
between groups (F(2, 54) = 1.04, p = .36).  Modal sleep quality was 4, equating to very 
restful (51% sample, range 2-5).  Sleep quality also did not differ by participant group (χ² = 
4.71, p = .58).  Tiredness ratings are presented in Figure I2.  Mixed ANOVA revealed a main 
effect of time (F(4, 220) = 4.89, p = .001) but not of group (F(2, 55) = 1.19, p = .31).  
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Tiredness generally increased until the lunch meal was provided (between time-points 4 and 
5) and decreased after the lunch meal.   
 
 
 
 
 
 
 
 
  
 
 
 
Figure I2: Mean VAS tiredness over time for each participant group.  
 
Correlational analysis showed that neither sleep duration nor quality were 
significantly associated with food intake or food choice (p all > 0.5).  Pre-meal tiredness was 
significantly negatively correlated with intake (r = -.38, p = .003) and proportion (r = -.43, p 
= .001) of high-fat savoury (HFSa) foods, in that greater tiredness was associated with less 
HFSa intake.  Baseline tiredness only was positively correlated with intake of low-fat savoury 
foods (LFSa; r = .34, p = .008).  There were no significant correlations with other food 
groups, although there was a trend towards a relationship between baseline tiredness and 
intake of high-fat sweet foods (HFSw; (r = .25, p = .06).  
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I6.  Stress 
 
State (VAS) stress levels and longer-term perceived stress as measured by the PSS are 
presented in Table I2.  MANOVA revealed a significant difference between groups in PSS 
score (F(2, 55) = 5.16, p = .009), with the reduced group reporting significantly higher stress 
than the overweight group (mean difference 4.84, p = .007).   Regarding state stress levels, 
mixed ANOVA showed a main effect of time (F(2.88, 158.43) = 10.45, p < .001) but no 
effect of condition or interaction (see Figure I3).   Correlational analysis showed that neither 
state nor trait stress was correlated with any measure of food intake (p all > .05). 
 
Table I2: Mean (standard deviation) state and trait stress scores for each participant group  
 
 Lean (M, SD) Overweight (M, SD) Reduced (M, SD) 
PSS 15.90 (4.27) 14.11 (5.11) 18.95 (4.71) 
State stress T1 26.55 (22.75) 28.89 (24.86) 23.68 (19.16) 
State stress T2 27.85 (19.86) 28.21(19.38) 21.53 (16.90) 
State stress T3 30.05 (23.60) 29.63 (24.39) 25.58 (20.46) 
State stress T4 31.85 (24.79) 27.89 (21.71) 19.63 (17.13) 
State stress T5 19.30 (19.46) 21.05 (21.03) 11.79 (12.24) 
PSS = Perceived Stress Scale; T1 = time-point 1, baseline; T2 = post-BodPod; T3 = post-
neuropsychological tests; T4 = post-LFPQ; T5 = post-meal  
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Figure I3: Mean VAS ratings of stress over time for each participant group  
 
 
I7.  Food reward sensitivity and appetite  
 
To assess whether food reward was affected by appetite, correlational analysis was conducted 
between baseline and pre-meal appetite and LFPQ variables.  Baseline and pre-meal appetite 
was positively correlated with implicit and explicit wanting of HFSa foods, and explicit 
wanting of HFSw foods (see Table I3).  Appetite sensations were largely negatively 
correlated with implicit wanting for LFSw foods (see Table I3). 
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Table I3: Correlation coefficients between food reward and appetite at baseline and pre-meal  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B = baseline; P = pre-meal; PC = prospective consumption.   Imp. W = implicit wanting; Exp. W = explicit wanting; L = liking; LFSa = low-fat savoury; 
LFSw = low-fat sweet; HFSw = high-fat sweet; HFSa = high-fat savoury. * p < .05; ** p < .01
 Hunger (B) Fullness (B)  PC (B) Wanting (B)  Hunger (P) Fullness (P)  PC (P) Wanting (P)  
LFSa Imp. W -.24 .20 -.32* -.29* -.17 .17 -.27* -.18 
LFSa Exp. W .12 .02 .02 .01 .19 -.09 .13 .09 
LFSa L .14 .01 .05 .05 .23 -.06 .13 .06 
HFSa Imp. W -.24 .20 -.32* -.29* -.17 .17 -.27* -.18 
HFSa Exp. W .43** -.35** .50** .51** .53** -.42** .54** .44** 
HFSa L .52** -.36** .53** .52** .56** -.42** .56** .50** 
LFSw Imp. W -.35** .21 -.23 -.34** -.27* .28* -.30* -.29* 
LFSw Exp. W .01 -.09 .05 -.04 .21 -.07 .00 .02 
LFSw L -.08 -.06 .00 -.07 .20 -.02 -.05 -.02 
HFSw Imp. W .09 -.09 .08 .20 .08 -.05 .02 .07 
HFSw Exp. W .24 -.19 .27* .35** .45** -.25 .33* .36** 
HFSw L .41** -.12 .34** .38** .42** -.20 .29* .37** 
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I8.  Self control 
 
 
BIS-11 subscale scores were positively intercorrelated (see Table I4) and, as expected, 
negatively correlated with TSCS score.  
 
Table I4: Mean self control and impulsivity scores and subscale Pearson’s correlation 
coefficients  
 
 Impulsivity 
(total)    
(BIS-11) 
Attentional 
impulsivity 
Motor 
impulsivity 
Non-
planning 
impulsivity 
Self control 
(TSCS) 
 
Mean (SD) 58.83 (8.35) 15.32 (3.14) 20.66 (2.95) 22.85 (4.21) 3.57 (0.62) 
Total imp. r . .81** .77** .84** -.70** 
Attentional imp. r  . .54** .49** -.58** 
Motor imp. r   . .42** -.61** 
Non-planning imp. r 
Self control r 
   . -.53** 
. 
* p < .05; ** p < .01 
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I9. Executive functioning 
 
 
 
Table I5: Mean (standard deviation) Wisconsin Card Sorting Test scores for each participant 
group  
 
 Lean (M, SD) Overweight (M, SD) Reduced (M, SD) 
Trials completed 86.35 (18.02) 90.30 (20.73) 93.47 (20.06) 
% errors 20.10 (6.64) 19.45 (6.28) 25.21 (13.49) 
% perseverative errors  10.45 (6.64) 9.60 (6.28) 13.74 (13.49) 
% non-perseverative 
errors 
9.50 (6.61) 9.85 (7.79) 11.42 (5.98) 
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Appendix J: Supplementary Data Chapter 9 
 
J1.  Relationships between aerobic fitness and psychological moderators of individual 
differences in response to an exercise intervention 
 
J1.1  Baseline (Time 1) 
Aerobic fitness was significantly negatively correlated with body composition at baseline 
(BMI r = -.71, p = .003; percent body fat r = -.72, p = .003; fat mass r = -.65, p = .009).  At 
baseline, disinhibited eating was negatively correlated with aerobic fitness (r = -.60, p = .02) 
and positively with percent body fat (see Chapter 9).   
    
J1.2  Post-exercise intervention (Time 2)  
Aerobic fitness and body composition were positively correlated following the exercise 
intervention (BMI r = -.83, p < .001; percent body fat r = -.85, p < .001; fat mass r = -.78, p = 
.001).  However, change in aerobic fitness was not significantly correlated with changes in 
body composition (all p > .05).   
There was a positive correlation between aerobic fitness and implicit wanting for 
HFSw foods (r = .64, p = .01), and a negative correlation with implicit wanting for LFSa 
foods (r = -.62, p = .02).  Both these relationships mirrored those found with body 
composition (see Chapter 9).   
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J1.3  Change pre- and post-exercise intervention  
Baseline disinhibited eating was negatively correlated with aerobic fitness following the 
exercise intervention (r = -.71, p = .003), mirroring the relationship observed with body 
composition.  Explicit wanting of HFSw foods at baseline was positively associated with 
increase in aerobic fitness (r = .61, p = .02).   
 
J1.4  Conclusion  
Aerobic fitness was significantly negatively correlated with body composition both before 
and after the exercise intervention.  Moreover, the majority of relationships between body 
composition and psychological variables were also observed (inversely) with aerobic fitness.  
This close relationship suggests that here, it is not possible to separate the effects of aerobic 
fitness from body composition in any exercise-induced changes during the intervention.  
However, change in aerobic fitness was not correlated with body composition changes.  The 
sole differential finding showed that improvement in aerobic fitness from baseline was 
associated with higher reward sensitivity (explicit wanting) of HFSw foods at baseline, but 
not change in body composition.  However, caution must be applied in interpreting this 
finding as evidence of a separation between aerobic fitness and body composition, as the 
causal nature of such a correlation is unknown.  It is therefore not possible to definitively 
conclude from the present study whether observed (small) changes in psychological variables 
following the exercise intervention were more linked to improvements in aerobic fitness or 
weight loss.  An intervention of longer duration, or where participants are encouraged to 
maintain weight by increasing energy intake to match expenditure, would help to elucidate 
this issue.   
 
310 
 
J2.  Body composition and appetite 
 
At baseline, body composition was positively correlated with fasting fullness (BMI r = .54, p 
= .05; percent body fat r = .72, p = .004; fat mass r = .54, p = .05), but was not correlated 
with any other measure of appetite (p all >.05).    
At Time 2, body composition was significantly negatively correlated with fasting 
hunger (BMI r = -.83, p < .001; percent body fat r = -.74, p = .002; fat mass r = -.79, p < 
.001) and wanting to eat (BMI r = -.65, p = .009; percent body fat r = -.63, p = .01; fat mass r 
= -.68, p = .005), so that a greater degree of overweight was associated with lower fasting 
hunger and wanting to eat.  However, before the test meal, a positive relationship was 
observed between body composition and pre-meal hunger levels (BMI r = .58, p = .02; 
percent body fat r = .56, p = .03; fat mass r = .60, p = .02). 
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Appendix K: Ethics Committee Approval Documents  
 
K1. Experimental sample 1: Chapters 5-7 
 
RESEARCH TEAM CONTACTS 
Stephanie Fay – PhD 
Candidate 
Professor Neil King – 
Supervisor 
Dr Melanie White – Associate 
Supervisor 
IHBI / School of Exercise and Nutrition Sciences 
IHBI / School of Psychology and 
Counselling 
07 3138 6093 07 3138 6444 07 3138 4714 
stephanie.fay@qut.edu.au n.king@qut.edu.au melanie.white@qut.edu.au 
DESCRIPTION 
The aim of this study is to investigate the effect of different semantic stimuli and psychological 
factors on taste perception. This project will be undertaken by Stephanie Fay as part of a larger 
PhD programme aiming to better understand factors influencing food preference and eating.  
Results from this project may ultimately inform obesity prevention programmes. 
You are invited to participate in this project as you fit the screening criteria based on the 
information you have provided.  These criteria are: 
 Aged 18 and over 
 Prepared to eat chocolate snack products that may contain wheat, lactose or soy 
 Not vegetarian or vegan 
 Not currently dieting to lose weight 
 Not having been previously diagnosed with an eating disorder 
PARTICIPATION 
Your participation in this project is voluntary. If you do agree to participate, you can withdraw 
from participation at any time during the project without comment or penalty. Your decision to 
participate will in no way impact upon your current or future relationship with QUT (for 
example your grades, if applicable). 
 
PARTICIPANT INFORMATION FOR QUT RESEARCH 
PROJECT 
The effects of differing semantic stimuli and psychological traits on taste 
perception 
QUT Ethics Approval Number 1100001421 
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Your participation will involve: 
 Two visits to the Human Appetite Research Centre at QUT, spaced one week apart, at 
the same day of the week and time of day.   
 You will also be required to fill in some questionnaires online before your first visit.   
Each test session in the laboratory will last approximately one hour.  You will be required to 
complete a series of computerised questionnaires and simple tasks, and watch short videos.  One 
of the computer tasks gives you the opportunity to receive a small financial sum based on your 
performance (approximately $5); you will be able to keep this.  During part of each session we 
will measure your skin conductance, which involves attaching a small electrode to your finger.  
This will not hurt and should not be uncomfortable.  You will also be provided with a sweet 
(chocolate) snack food, which you will be required to taste.   After the final session, if you consent, 
we will measure your height, weight and waist circumference.  You will be asked to remove your 
shoes but will not be required to undress.   You will also be sent an email the day after your final 
session containing two voluntary questions to answer.  
EXPECTED BENEFITS 
It is not expected that this project will benefit you directly.  However, you will be contributing to 
research which is expected to be of benefit to the wider community and advance understanding 
of food preferences, eating behaviours and weight management.  You will also be given as much 
snack food as you would like (within each session), and will keep any small monetary amounts 
received during the experiment (approximately $5 on each session).  Your responses in one task 
will be entered into a draw to receive the corresponding monetary amount (between $16 and 
$85, offered after a varying length of time). 
RISKS 
The questionnaires and computer tasks in this study have been validated and are widely used in 
research. They do not contain sensitive information and are not known to cause emotional or 
psychological discomfort.  The measurement of galvanic skin response and height, weight and 
waist circumference are non-invasive and also widely used in research.  You do not have to 
complete any questions you may not be comfortable with, or agree to any procedures you are 
not comfortable with. For all tests and measurements, there are no risks beyond normal day-to-
day living associated with your participation in this project.   
PRIVACY AND CONFIDENTIALITY 
Results of this project, once anonymised, will be published in a PhD thesis and are expected to be 
published in peer-reviewed journals and presented at conferences.  Your identity will remain 
confidential at all times, and you will not be able to be identified in any research dissemination.  
For research purposes, your records will be kept for a period of at least five years.  All paper 
records will be stored in a locked filing cabinet at the Institute of Health and Biomedical Innovation 
at QUT and data will also be stored in electronic format in a secure, password-protected location 
at QUT.  The anonymised data that you provide may also be used as normative data in subsequent 
studies, for comparative purposes.  
CONSENT TO PARTICIPATE 
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Submitting the completed online questionnaire is accepted as an indication of your consent to 
participate in the first, questionnaire, component of this project.   
We will ask you to sign a written consent form to confirm your agreement to participate at the 
first testing session. 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
Please contact the research team members named above should you have any questions or 
require further information about the project, and we will be happy to discuss any details with 
you.  
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to researcher integrity and the ethical conduct of research projects.  
However, if you do have any concerns or complaints about the ethical conduct of the project 
you may contact the QUT Research Ethics Unit on 07 3138 5123 or email 
ethicscontact@qut.edu.au. The Research Ethics Unit is not connected with the research project 
and can facilitate a resolution to your concern in an impartial manner. 
Thank you for helping with this research project.  Please keep this sheet for your 
information. 
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CONSENT FORM FOR QUT RESEARCH PROJECT 
The effects of differing semantic stimuli and psychological traits on taste 
perception 
QUT Ethics Approval Number 1100001421 
RESEARCH TEAM CONTACTS 
Stephanie Fay – PhD 
Candidate 
Professor Neil King – 
Supervisor 
Dr Melanie White – Associate 
Supervisor 
IHBI / School of Exercise and Nutrition Sciences 
IHBI / School of Psychology and 
Counselling 
07 3138 6093 07 3138 6444 07 3138 4714 
stephanie.fay@qut.edu.au n.king@qut.edu.au melanie.white@qut.edu.au 
STATEMENT OF CONSENT 
By signing below, you are indicating that you: 
 have read and understood the information document regarding this project 
 have had any questions answered to your satisfaction 
 understand that if you have any additional questions you can contact the research 
team 
 understand that you are free to withdraw at any time, without comment or penalty 
 understand that you can contact the Research Ethics Unit on 07 3138 5123 or email 
ethicscontact@qut.edu.au if you have concerns about the ethical conduct of the 
project 
 understand that non-identifiable data collected in this project may be used as 
comparative data in future projects 
 agree to participate in the project 
 fulfil the criteria for participation in this project 
 
Name  
Signature  
Date   
Please return this sheet to the investigator. 
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K2.  Experimental sample 2: Chapter 8 
 
RESEARCH TEAM  
Principal Researcher: Miss Stephanie Fay PhD candidate, Queensland University of 
Technology (QUT) 
Associate 
Researchers: Professor Neil King Principal Supervisor, QUT 
 Dr Melanie White Associate Supervisor, QUT 
DESCRIPTION 
The aim of this study is to investigate how mood, psychological functioning and appetite as 
assessed by neuropsychological tasks and questionnaires differ in individuals of different 
body compositions, and the role these play in successful weight loss and maintenance. 
This project will be undertaken by Stephanie Fay as part of a larger PhD programme aiming 
to better understand factors influencing appetite and cognitive and psychological functioning.  
Results from this project may ultimately inform obesity prevention programmes. 
You are invited to participate in this project because you fit the screening criteria based on 
the information you have provided.   
These criteria are: 
 Aged between 18 and 55 (inclusive). 
 No prior surgery of the digestive system or current medication known to affect 
appetite. 
 Not vegetarian or vegan, or allergic to wheat or dairy. 
 Not pregnant or breastfeeding. 
 Either:  1) A BMI under 23 (lean), with weight that has not fluctuated more than 5kg in 
the last 6 months. 
or  2) A BMI over 27 (overweight), with weight that has not fluctuated more than 
5kg in the last 6 months. 
or  3) A BMI under 23, and BMI previously over 27 (currently lean, previously 
overweight). 
 
 
PARTICIPANT INFORMATION FOR QUT RESEARCH PROJECT 
Individual differences in weight loss and mood, psychological functioning 
and appetite  
QUT Ethics Approval Number 1300000129 
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PARTICIPATION 
Your participation will involve one visit to the laboratory in the Institute of Health and 
Biomedical Innovation (IHBI) at QUT.  We will assess your body composition using BodPod, 
and your psychological functioning, mood and appetite sensations.  We will also ask you to 
fill in a questionnaire online at least one week before to your visit to IHBI, which we expect 
will take around 20 minutes to complete.   
The visit will take place at lunch time.  The visit should last approximately two hours. You can 
schedule the time to suit your normal lunch time (visits are available 7 days a week).  You will 
need to fast for three hours before the visit (not eat anything or drink anything other than 
water), and not exercise during this time.  In addition, please do not exercise or drink alcohol 
the night before your study visit.  We will measure your body composition, and ask you to 
complete some tasks and short questionnaires, which will examine your thoughts, feelings 
and dietary habits.  At the end of the visit, we will give you lunch.  This will consist of a variety 
of foods including meat (pork).  You can tell us if there are any foods you are allergic to or do 
not like, but please note that some foods are unable to be substituted so some intolerances 
may exclude you from participating.  
We will first measure your body composition using a BodPod.  
This is a simple 5 minute test which measures your body 
composition using air displacement plethysmography.  The 
BodPod is an egg-shaped chamber with a seat.  There is a 
window so that you can see out (see photo), and the 
experimenter will be present at all times.  Two measurements 
will be taken while you sit quietly in the pod, using sensors will 
determine the amount of air displaced by your body.  For this 
measurement, it is essential that you wear minimal clothing.  
You will need to bring with you form-fitting clothes such as 
close-fitting swimming togs, or Lycra cycle shorts with sports 
bra for females.  There are clothes available to wear for the test 
if you do not have these items.  We will also measure your 
height, weight, waist and hip circumference.    
Your participation in this project is entirely voluntary.  If you agree to participate you can 
withdraw from the project without comment or penalty.  If you withdraw, on request any 
identifiable information already obtained from you will be destroyed. Your decision to 
participate or not participate will in no way impact upon your current or future relationship 
with QUT (for example, your grades). 
EXPECTED BENEFITS 
It is not expected that this project will benefit you directly.  However, you will be 
contributing to research which is expected to be of benefit to the wider community and 
advance understanding of eating behaviours and cognitive function in relation to body 
composition.   
317 
 
You will be given lunch at the end of the laboratory visit, and you will receive a copy of your 
body composition analysis, including body fat percentage. 
RISKS 
There are minimal risks associated with your participation in this project. The BodPod body 
composition measurement is non-invasive and is widely used in studies of this nature.  Risk 
of claustrophobia whilst in the BodPod is minimal, however in the event of claustrophobia 
you can tell the experimenter or press a button and the measurement will be stopped.  The 
questionnaires and computer tasks in this study have been validated and are widely used in 
research. They do not contain sensitive information and are not known to cause emotional or 
psychological discomfort.   
PRIVACY AND CONFIDENTIALITY 
The privacy of all volunteers in this research programme is taken very seriously. All comments 
and responses will be treated confidentially.  When you fill out a questionnaire or complete 
a task to this study we will make every effort to protect your privacy. 
 All your questionnaires and task responses will be stored securely and in such a way 
that they cannot immediately be identified as having come from you. They will be 
labelled with a unique number so that they do not get confused with questionnaires 
or samples from someone else. 
 Any identifying information (your name, contact details etc.) will be stored separately 
from the samples and information you provide.  For research purposes, your records 
will be kept for a period of at least five years.  Access to this identifying information is 
restricted to the principal researcher and, as a reserve, the two supervisors as listed 
above.  
 No information that could be used to identify you will be included in any report on the 
results of the study. Results of this project, once anonymised, will be published in a 
PhD thesis and are expected to be published in peer-reviewed journals and presented 
at conferences.  Your identity will remain confidential at all times, and you will not be 
able to be identified in any research dissemination. 
 The anonymised data that you provide may also be used as normative data in 
subsequent studies, for comparative purposes.   
CONSENT TO PARTICIPATE 
Submitting the completed online questionnaire is accepted as an indication of your consent 
to participate in the first, questionnaire, component of this project.   
We will ask you to sign a written consent form to confirm your agreement to participate at 
the first study visit. 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
If have any questions or require further information please contact one of the research 
team members below. 
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Stephanie Fay  Professor Neil King  Dr Melanie White  
          IHBI / School of Exercise and Nutrition Sciences 
IHBI / School of Psychology and 
Counselling 
07 3138 6093 07 3138 6444 07 3138 4714 
stephanie.fay@qut.edu.au n.king@qut.edu.au melanie.white@qut.edu.au 
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to research integrity and the ethical conduct of research projects.  
However, if you do have any concerns or complaints about the ethical conduct of the 
project you may contact the QUT Research Ethics Unit on 07 3138 5123 or email 
ethicscontact@qut.edu.au. The QUT Research Ethics Unit is not connected with the 
research project and can facilitate a resolution to your concern in an impartial manner. 
 
LINK TO QUESTIONNAIRE COMPONENT 
The questionnaire can be accessed here:  http://survey.qut.edu.au/f/176703/4d5b/  
 
Thank you for helping with this research project.  Please keep this sheet for your 
information. 
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CONSENT FORM FOR QUT RESEARCH PROJECT 
Individual differences in weight loss and mood, psychological functioning 
and appetite  
QUT Ethics Approval Number 1300000129 
RESEARCH TEAM CONTACTS 
Stephanie Fay  Professor Neil King  Dr Melanie White  
     IHBI / School of Exercise and Nutrition Sciences 
IHBI / School of Psychology and 
Counselling 
07 3138 6093 07 3138 6444 07 3138 4714 
stephanie.fay@qut.edu.au n.king@qut.edu.au melanie.white@qut.edu.au 
STATEMENT OF CONSENT 
By signing below, you are indicating that you: 
 Have read and understood the information document regarding this project. 
 Have had any questions answered to your satisfaction. 
 Understand that if you have any additional questions you can contact the research 
team. 
 Understand that you are free to withdraw at any time, without comment or penalty. 
 Understand that you can contact the Research Ethics Unit on 07 3138 5123 or email 
ethicscontact@qut.edu.au if you have concerns about the ethical conduct of the 
project. 
 Understand that non-identifiable data collected in this project may be used as 
comparative data in future projects. 
 Agree to participate in the project. 
Name  
Signature  
Date   
Please return this sheet to the investigator. 
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K3.  Experimental sample 3: Chapter 9 
 
 
 
PARTICIPANT INFORMATION FOR QUT RESEARCH 
PROJECT 
The Effect of a 4 Week Exercise Intervention on Gastric Emptying in Men 
QUT Ethics Approval Number 1200000154 
RESEARCH TEAM CONTACTS 
Katy Horner – PhD 
Candidate 
Professor Neil King – 
Supervisor 
Professor Nuala 
Byrne – Associate 
Supervisor 
Stephanie Fay – PhD 
Candidate 
07 3138 6134 07 3138 6444 07 3138 6088 07 3138 6093 
k1.horner@qut.edu.
au 
n.king@qut.edu.au 
n.byrne@qut.edu.au 
stephanie.fay@qut.
edu.au  
DESCRIPTION 
This project will be undertaken by Katy Horner as part of a larger PhD programme aiming to 
better understand the effects of exercise training on gastric emptying and associated 
measures. This is ultimately important to better understand how exercise can be more 
effectively used in weight management. 
Gastric emptying refers to the rate at which food empties from the stomach into the small 
intestine. Gastric emptying plays a role in appetite control and altered gastric emptying has 
been linked to increased food intake. The effect of increased physical activity on gastric 
emptying changes in sedentary individuals is unknown. Such knowledge may have important 
implications both scientifically to better understand processes of appetite control and 
improve the effectiveness of exercise for weight loss.  
As shown in the diagram below, the study is approximately 6 weeks long in total, and is 
comprised of baseline tests and a 4 week exercise training program followed by a post 
intervention testing phase. Both testing phases will involve 2 testing sessions (i.e. a total of 4) 
on separate days. These will take place during the week prior to commencing the exercise 
program and in the week immediately after the program. Measures of body composition, 
energy expenditure, gastric emptying, hunger and fullness, blood hormone levels and 
cardiovascular fitness will be taken. 
321 
 
 
 
 
 
You are invited to participate in this project as you fit the screening criteria based on the 
information you have provided. 
 
PARTICIPATION 
Your participation in this project is voluntary. If you do agree to participate, you can withdraw 
from participation at any time during the project without comment or penalty. Your decision to 
participate will in no way impact upon your current or future relationship with QUT. 
Your participation in the study will involve: 
 Undertaking a 4 week supervised exercise training program at QUT Kelvin Grove. This 
will involve exercising for 1 hour per day 5 days per week for 4 weeks. 
 
4 Week Exercise program: Details and Frequently Asked 
Questions 
Where:  All exercise sessions will take place at the Institute of Health and 
Biomedical Innovation, 60 Musk Avenue, QUT Kelvin Grove. 
When:  Every participant needs to attend a 1 hour exercise session 5 
times per week. This may be early morning (from 5.30am), 
lunchtime or evening - we will structure the exercise sessions as 
best possible to fit in with your schedule.  
Costs:  There are no costs involved. The health and fitness testing and 
training equipment that is used is supplied as part of the study. 
What clothes will you need? You will need to wear clothing appropriate 
for exercising in (running shoes, shorts, tracksuit etc.). 
Do you need some fitness to begin with? The program is designed for 
those currently doing little or no physical activity. 
What will the exercise sessions involve? The exercise sessions will last 1 
hour and are specifically designed for you so that you are 
exercising at a moderate intensity. You will wear a heart rate 
monitor during the sessions and will be alternating between 
exercising on a treadmill and on a stationary bike. 
 
 
Baseline Post intervention4 week exercise program
Training 1 hour per day, 5 days per week
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You will also be asked to: 
 Attend 2 testing sessions at baseline (prior to the 4 week exercise program) and 2 
identical testing sessions at the end of the 4 week program. One testing session will 
last up to 2 hours and involve measurements of body composition, blood samples, 
resting energy expenditure, cardiovascular fitness, dietary recall and the completion 
of questionnaires. The other testing session will last up to 6 hours and involve 
measurements of appetite and gastric emptying. 
 In order to standardise the testing conditions you will be asked to avoid exercise 
sessions and alcohol on the day prior to each test and not to eat for 12 hours 
beforehand. Because the assessment will take place first thing in the morning this 
should be a typical overnight fast. 
The following is a more detailed explanation of the testing procedures: 
At the first testing session, lasting up to 2 hours, the following measurements will be taken 
at the Institute of Health and Biomedical Innovation, QUT Kelvin Grove: 
1. Resting energy expenditure and blood pressure 
Resting energy expenditure represents the amount of calories required for a 24‐hour 
period by the body during a non‐active period. This is undertaken using a ventilated 
hood system. You will be required to lie down for approximately 30 minutes. During 
this time we will measure the amount of oxygen and carbon dioxide you breathe, from 
which we can calculate your metabolism at rest. Your heart rate will also be monitored 
continuously throughout the test and a member of the study team will be present 
throughout. At the end of the test, a blood pressure cuff will be place around your arm 
and your blood pressure will be measured. 
 
2. Body weight, waist circumference and body composition  
Body composition will be calculated from a simple 5 minute test involving 
measurements of your body mass and volume. Body mass (weight) will be measured 
on an electronic scale and body composition will be assessed using the BodPod. The 
BodPod is based on the same principle as underwater weighing except the BodPod 
uses air displacement plethysmography (i.e. air is displaced instead of water). 
Further information on the BodPod is available at the following link: 
 http://www.bodpod.com/products/faqBodpod  
For this measurement, it is essential you are wearing minimal clothing. You will need 
to bring with you form-fitting clothes such as close fitting swimming togs or Lycra 
biking shorts to wear. Two trials will be performed while you sit quietly in the 
chamber of the BodPod. In addition, measurements of height, hip and waist 
circumference will be taken.  
3. Blood Testing   
Fasting samples will be obtained from an antecubital vein (the inner or front surface 
of the forearm) and collected into vacutainer tubes, similar to a routine blood test.  
All samples will be taken by a trained phlebotomist. 
4. Cardiovascular Fitness 
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You will be asked to perform one maximal exercise test on a stationary bike, where you 
will be asked to exercise at increasing intensities until you choose to stop. This test is 
designed to measure two important markers of cardiorespiratory fitness: maximal 
oxygen uptake and ventilatory threshold. For this test you will need to wear clothes to 
exercise in and sports shoes. You will be asked to wear a mouthpiece which is connected 
via tubing to carbon dioxide and oxygen analysers and we will continuously analyse the 
air you breathe in and out throughout the test. You will also be asked to wear a heart 
rate monitor during the test and finger-prick blood samples will be taken.  
5. Physical Activity 
You will be asked to wear an accelerometer (a small device very similar to a 
pedometer) on your waist for 7 days before the exercise program and at the end of 
the exercise program. 
At the second session, lasting up to 6 hours, the following measurements will be taken at the 
Human Appetite Research Centre, QUT Kelvin Grove: 
6. Questionnaires 
You will be asked to complete validated instruments to assess eating behaviours, 
hunger and fullness ratings, physical activity and food and taste preferences during 
the test day. You will also be asked about your dietary intake over the previous 24 
hours. 
7. Gastric emptying  
Gastric emptying will be measured using the 13C-octanoic acid breath test which is 
non-invasive. 
You will be served a breakfast meal and then asked to give breath samples by blowing 
through a straw into a small test tube at specified intervals over 5 hours after 
breakfast. The following provides a detailed description of the test: 
Octanoic acid is a fatty acid found naturally in coconuts, butter, milk and other fats and oils. The 
test involves a small amount (100milligrams, equivalent to approximately 1/50th of a teaspoon) 
of 13C-octanoic acid being added to your breakfast. This is equivalent to the amount of octanoic 
acid found naturally in one glass of full fat milk or the amount of butter used to butter one 
sandwich. Octanoic acid is labelled with 13C, a naturally occurring stable isotope. This means that 
it is a slightly heavier version of normal carbon (12) and it is not radioactive. 13C is found naturally 
in various foods and in the environment. After eating the meal, 13C octanoic acid is absorbed in 
the small intestine and subsequently excreted in the breath. This makes it is possible to measure 
gastric emptying of the meal by analysing the amount of 13C present in your breath over time. 
 
 
A description of the use of 13C breath tests is also available from the following link:  
http://www.adigestivecare.com/breathtest.html  
The following diagram provides an overview of the gastric emptying test day, starting 
at 7.30 am and finishing at 1.30pm. 
 
 
 
7:30               8:00              9:00          10:00       11:00    12:00                13:00             13:30 
      Time (approximate time of day) 
    A Breakfast   A            A                       A                       A                        A                      A   Lunch       A 
    B              B     B    B    B     B    B    B    B    B    B    B    B    B    B    B    B    B     B    B    B    B   B 
Breakfast    Lunch 
A: Rating of Appetite (at 1 hour intervals). 
B:  Breath Sample (at 15min intervals. Each sample takes ~ 10 seconds). 
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As shown above, at the end of the test you will be provided with a pasta lunch meal 
to eat until you feel comfortably full.  
Note that throughout the test day you can: 
- Do your own work at a computer with access to the internet at the Appetite 
Research Centre. If you prefer you may also bring your own laptop. 
- Watch DVD’s or read. 
EXPECTED BENEFITS 
It is expected that this project will benefit you directly. You will have the opportunity to 
participate in an individually tailored supervised exercise program. Throughout the study 
you will complete a number of testing procedures to assess your health. By adhering to the 
exercise program, you might improve your cardiovascular fitness and health status. At the 
end of the study, you will be provided with a detailed report informing you of all of your test 
results. 
In addition to these direct benefits, you will also get the opportunity to learn about research 
in this area. Furthermore, your participation in this project may also help to contribute to a 
better understanding of the effects of exercise training on gastric emptying. This information 
is important to ultimately help develop more effective strategies to combat overweight and 
obesity in future.  
RISKS 
13C breath tests have been used in research for over 30 years in young infants, children and 
adults. There are no known risks associated with the method. The eating behaviour, appetite 
and physical activity questionnaires have been validated and are widely used in research. 
They do not contain sensitive information and are not known to cause emotional or 
psychological discomfort. You do not have to complete any questions you may not be 
comfortable with. For all tests, there are no risks beyond normal day-to-day living associated 
with your participation in this project. However, the researchers would like to draw your 
attention to the following: 
 Blood collection – all samples will be collected by a trained phlebotomist.  There may 
be mild discomfort and a small amount of localised bruising as a result of blood 
collection, but no more than is experienced with a routine blood test.  
 Maximal exercise testing involves exercising until you cannot keep going and choose 
to stop. This can expose you to potential risks such as cardiovascular events. To 
minimize this risk, you will have been screened prior to participation to identify any 
risk factors for adverse events during exercise. Also, all tests will be conducted by 
trained and experienced members of the research team, who are also trained in first 
aid and cardiopulmonary resuscitation (CPR) and in the case of a cardiovascular event, 
medical assistance will immediately be sought. .  
CONFIDENTIALITY 
Results of this project will be published in a PhD thesis and are expected to be presented at 
conferences but your identity will remain confidential at all times.  For research purposes, 
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your records will be kept for a period of at least five years.  All paper records will be stored in 
a locked filing cabinet at the Institute of Health and Biomedical Innovation at QUT and data 
will also be stored in electronic format in a secure, password-protected location at QUT. 
CONSENT TO PARTICIPATE 
We will ask you to sign a written consent form to confirm your agreement to participate at 
the first testing session. 
QUESTIONS / FURTHER INFORMATION ABOUT THE PROJECT 
Please contact the research team members named above should you have any questions or 
require further information about the project. 
CONCERNS / COMPLAINTS REGARDING THE CONDUCT OF THE PROJECT 
QUT is committed to researcher integrity and the ethical conduct of research projects.  
However, if you do have any concerns or complaints about the ethical conduct of the 
project you may contact the QUT Research Ethics Unit on 07 3138 5123 or email 
ethicscontact@qut.edu.au. The Research Ethics Unit is not connected with the research 
project and can facilitate a resolution to your concern in an impartial manner. 
Thank you for helping with this research project.  Please keep this sheet for your 
information. 
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CONSENT FORM for QUT RESEARCH 
PROJECT 
 
The Effect of a 4 Week Exercise Intervention on Gastric 
Emptying in Men  
 
Research Team Contacts 
Katy Horner 
PhD Candidate 
Professor Neil King 
Supervisor 
Professor Nuala 
Byrne 
Associate 
Supervisor 
Stephanie Fay 
PhD Candidate 
07 3138 6134 07 3138 6444 07 3138 6088 07 3138 6093 
k1.horner@qut.edu
.au 
n.king@qut.edu.au n.byrne@qut.edu.a
u 
stephanie.fay@qut.
edu.au 
 
 
Statement of consent 
 
By signing below, you are indicating that you: 
 have read and understood the information document regarding this project 
 have had any questions answered to your satisfaction 
 understand that if you have any additional questions you can contact the research 
team 
 understand that you are free to withdraw at any time, without comment or penalty 
 understand that you can contact the Research Ethics Officer on 07 3138 5123 or 
email ethicscontact@qut.edu.au if you have concerns about the ethical conduct of 
the project 
 agree to participate in the project 
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Name  
Signature  
Date   
 
 
Please return this sheet to the investigator. 
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Appendix L:  Published Conference Abstracts  
 
Fay, S. H., White, M. J., Finlayson, G. S. & King, N. A. (2012).  Sensitivity to 
reward and self control are associated with acute overconsumption.  Obesity 
Research & Clinical Practice, 6 (S1), 25.   
 
Aim:  Overconsumption is a potent driver of obesity, with snack foods particularly 
implicated due to their reward value, energy density and ready availability in a permissive 
environment that facilitates weight gain.  However, some individuals resist overconsumption 
and maintain a lean body weight in spite of the ‘obesogenic’ environment.  This study aimed 
to indentify the psychological and behavioural characteristics that facilitate resistance to 
overconsumption in this context.   Method: Thirty participants (M 35.2 years, BMI 23.8 
kg/m², 73% female) completed tasks assessing self control via response inhibition (GoStop) 
and sensitivity to reward (Card Arranging Reward Responsivity Objective Test; CARROT).  
Food intake was then measured using sham chocolate snack food taste tests in a 
counterbalanced repeated measures design, either following a ‘food cue’ consisting of a short 
video compiled from food television advertisements or preceded by a neutral video.  Results: 
Snack food consumption was greater on the second taste test, regardless of the presence of a 
food cue (t=4.12, p=.000).  There was a negative correlation between successful response 
inhibition and overall amount consumed (r=.46, p=.015).  Preliminary analysis showed a 
positive correlation between reward responsiveness (CARROT performance) and food intake 
in the food cue condition only (r=.48, p=.008).   Conclusion: Heightened sensitivity to 
reward may be a risk factor for overconsumption in an environment where food-related 
329 
 
stimuli are pervasive.  However, self control appears to be a protective factor, suggesting that 
the ability to inhibit prepotent responses, such as ‘cued’ eating, may be instrumental in 
resisting overconsumption. 
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Fay, Stephanie H., White, Melanie J., Finlayson, Graham, & King, Neil A. 
(2014). Trait and behavioural motor control is associated with resistance to 
overconsumption. Personality and Individual Differences, 60(S), S45-S46. 
 
While overall obesity rates are rising, a minority of individuals appear to resist 
overconsumption and remain lean in spite of an ‘obesogenic’ environment. Studying the 
factors hypothesised to underpin behaviours associated with resistance to overconsumption 
may inform weight management strategies in an adverse environment. Trait (BIS-11) and 
behavioural (response inhibition, GoStop) self control were assessed in the laboratory. Snack 
food consumption was measured covertly via a sham taste test. Lack of motor control was 
positively correlated (r = .32, p <. 05) and successful response inhibition was negatively 
correlated (r = −.35, p <. 05) with snack food intake. Low motor control was also associated 
with further food intake when satiated (r = .39, p < .01). These relationships were 
independent of self-reported palatability and perceived reward value of the food. Motor 
control may be an important factor implicated in ‘mindless’ eating in an environment 
abundant in palatable, energy-dense snack foods. 
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Fay, Stephanie H., White, Melanie J., Finlayson, Graham, & King, Neil A. 
(2014). Food reward sensitivity predicts overconsumption of high-fat snack 
food. Personality and Individual Differences, 60(S1), S13. 
 
Overconsumption of snack foods has been linked to rising rates of obesity, with our 
‘obesogenic’ environment and its abundance of palatable, high-calorie foods and associated 
cues especially implicated. However, it is clear that some individuals are particularly 
susceptible to overconsumption and weight gain. It was hypothesised that individuals 
sensitive to the rewarding properties of palatable foods, and associated stimuli, would show 
elevated consumption. Snack food intake was measured in 50 adults (mean age 34.5 years, 
BMI 23.9 kg/m2, 56% female) in a repeated measures design, both with and without a ‘food 
cue’. Trait (BIS/BAS scales), behavioural (computerised CARROT) and food reward were 
assessed. Sensitivity to food reward, but not generalised reward, was positively associated 
with snack food intake. This relationship was not affected by the presence of a food cue. 
Findings are discussed in the context of implications for weight management. 
 
 
 
  
332 
 
 
 
References 
 
Abizaid, A., Z.-W. Liu, Z. B. Andrews, M. Shanabrough, E. Borok, J. D. Elsworth, R. H. 
Roth, M. W. Sleeman, M. R. Picciotto, M. H. Tschöp, X.-B. Gao and T. L. Horvath (2006). 
"Ghrelin modulates the activity and synaptic input organization of midbrain dopamine 
neurons while promoting appetite." The Journal of Clinical Investigation 116(12): 3229-
3239. 
Access Economics (2006). The Economic Costs of Obesity, Diabetes Australia. 
Al-Adawi, S. and J. Powell (1997). "The influence of smoking on reward responsiveness and 
cognitive functions: A natural experiment." Addiction 92(12): 1773-1782. 
Albar, S. A., N. A. Alwan, C. E. L. Evans and J. E. Cade (2014). "Is there an association 
between food portion size and BMI among British adolescents?" British Journal of Nutrition 
FirstView: 1-11. 
Alderson, R. M., M. D. Rapport and M. J. Kofler (2007). "Attention-deficit/hyperactivity 
disorder and behavioral inhibition: A meta-analytic review of the stop-signal paradigm." 
Journal of Abnormal Child Psychology 35(5): 745-758. 
Allan, J. L., M. Johnston and N. Campbell (2010). "Unintentional eating. What determines 
goal-incongruent chocolate consumption?" Appetite 54(2): 422-425. 
Allison, D. B., L. B. Kalinsky and B. S. Gorman (1992). "A comparison of the psychometric 
properties of three measures of dietary restraint." Psychological Assessment 4(3): 391-398. 
333 
 
Alm, M. E., D. Neumark-Sztainer, M. Story and K. N. Boutelle (2009). "Self-weighing and 
weight control behaviors among adolescents with a history of overweight." The Journal of 
Adolescent Health 44(5): 424-430. 
Alosco, M. L., M. B. Spitznagel, G. Strain, M. Devlin, R. Cohen, R. Paul, R. D. Crosby, J. E. 
Mitchell and J. Gunstad (2014). "Improved memory function two years after bariatric 
surgery." Obesity 22(1): 32-38. 
Alzoubi, K. H., O. F. Khabour, H. A. Salah and Z. Hasan (2013). "Vitamin E prevents high-
fat high-carbohydrates diet-induced memory impairment: The role of oxidative stress." 
Physiology & Behavior 119(0): 72-78. 
Andrade, A. M., G. W. Greene and K. J. Melanson (2008). "Eating slowly led to decreases in 
energy intake within meals in healthy women." Journal of the American Dietetic Association 
108(7): 1186-1191. 
Anschutz, D. J., R. C. M. E. Engels, C. S. van der Zwaluw and T. Van Strien (2011). "Sex 
differences in young adults’ snack food intake after food commercial exposure." Appetite 
56(2): 255-260. 
Appelhans, B. M. (2009). "Neurobehavioral inhibition of reward-driven feeding: Implications 
for dieting and obesity." Obesity 17(4): 640-647. 
Arvaniti, K., D. Richard and A. Tremblay (2000). "Reproducibility of energy and 
macronutrient intake and related substrate oxidation rates in a buffet-type meal." British 
Journal of Nutrition 83(05): 489-495. 
Asem, J. S. A. and P. C. Holland (2012). "The effect of high-fat diet on extinction and 
renewal." Behavioral Neuroscience 126(3): 493-498. 
Åstrand, O., M. Carlsson, I. Nilsson, T. Lindström, M. Borga, F. H. Nystrom and f. t. F. F. S. 
Group (2010). "Weight gain by hyperalimentation elevates C-reactive protein levels but does 
334 
 
not affect circulating levels of adiponectin or resistin in healthy subjects." European Journal 
of Endocrinology 163(6): 879-885. 
Avena, N. M. (2011). "Overeating of sugars and fats. Links to addiction and obesity." 
Appetite 57(Supplement 1): S2-S3. 
Baldo, B. A., W. E. Pratt, M. J. Will, E. C. Hanlon, V. P. Bakshi and M. Cador (2014). 
"Principles of motivation revealed by the diverse functions of neuropharmacological and 
neuroanatomical substrates underlying feeding behavior." Neuroscience & Biobehavioral 
Reviews(In press). 
Batra, P., S. K. Das, T. Salinardi, L. Robinson, E. Saltzman, T. Scott, A. G. Pittas and S. B. 
Roberts (2013). "Eating behaviors as predictors of weight loss in a 6 month weight loss 
intervention." Obesity 21(11): 2256-2263. 
Batterink, L., S. Yokum and E. Stice (2010). "Body mass correlates inversely with inhibitory 
control in response to food among adolescent girls: An fMRI study." NeuroImage 52(4): 
1696-1703. 
Baynes, K. C., W. S. Dhillo and S. R. Bloom (2006). "Regulation of food intake by 
gastrointestinal hormones." Current Opinion in Gastroenterology 22(6): 626-631. 
Beaver, J. D., A. D. Lawrence, J. Van Ditzhuijzen, M. H. Davis, A. Woods and A. J. Calder 
(2006). "Individual differences in reward drive predict neural responses to images of food." 
Journal of Neuroscience 26(19): 5160-5166. 
Bechara, A., A. R. Damasio, H. Damasio and S. W. Anderson (1994). "Insensitivity to future 
consequences following damage to human prefrontal cortex." Cognition 50(1-3): 7-15. 
Bechara, A., H. Damasio, A. R. Damasio and G. P. Lee (1999). "Different contributions of 
the human amygdala and ventromedial prefrontal cortex to decision-making." Journal of 
Neuroscience 19(13): 5473-5481. 
335 
 
Bechara, A., D. Tranel and H. Damasio (2000). "Characterization of the decision-making 
deficit of patients with ventromedial prefrontal cortex lesions." Brain 123(11): 2189-2202. 
Becker, J. T. and R. G. Morris (1999). "Working memory(s)." Brain and Cognition 41(1): 1-
8. 
Beilharz, J. E., J. Maniam and M. J. Morris (2014). "Short exposure to a diet rich in both fat 
and sugar or sugar alone impairs place, but not object recognition memory in rats." Brain, 
Behavior, and Immunity 37: 164-141. 
Bell, E., V. Castellanos, C. Pelkman, M. Thorwart and B. Rolls (1998). "Energy density of 
foods affects energy intake in normal-weight women." The American Journal of Clinical 
Nutrition 67(3): 412-420. 
Bellisle, F., A.-M. Dalix, G. Airinei, S. Hercberg and S. Péneau (2009). "Influence of dietary 
restraint and environmental factors on meal size in normal-weight women. A laboratory 
study." Appetite 53(3): 309-313. 
Bellisle, F., A. M. Dalix and G. Slama (2004). "Non food-related environmental stimuli 
induce increased meal intake in healthy women: comparison of television viewing versus 
listening to a recorded story in laboratory settings." Appetite 43(2): 175-180. 
Berkman, E. T., L. E. Kahn and J. S. Merchant (2014). "Training-induced changes in 
inhibitory control network activity." The Journal of Neuroscience 34(1): 149-157. 
Berridge, K. C. (2009). "'Liking' and 'wanting' food rewards: Brain substrates and roles in 
eating disorders." Physiology & Behavior 97(5): 537-550. 
Berridge, K. C. and T. E. Robinson (1998). "What is the role of dopamine in reward: hedonic 
impact, reward learning, or incentive salience?" Brain Research Reviews 28(3): 309-369. 
Berridge, K. C. and T. E. Robinson (2003). "Parsing reward." Trends in Neurosciences 26(9): 
507-513. 
336 
 
Berteus Forslund, H., J. S. Torgerson, L. Sjostrom and A. K. Lindroos (2005). "Snacking 
frequency in relation to energy intake and food choices in obese men and women compared 
to a reference population." International Journal of Obesity and Related Metabolic Disorders 
29(6): 711-719. 
Berthoud, H.-R. (2011). "Metabolic and hedonic drives in the neural control of appetite: who 
is the boss?" Current Opinion in Neurobiology 21(6): 888-896. 
Berthoud, H.-R. (2012). "The neurobiology of food intake in an obesogenic environment." 
Proceedings of the Nutrition Society 71(04): 478-487. 
Blass, E. M., D. R. Anderson, H. L. Kirkorian, T. A. Pempek, I. Price and M. F. Koleini 
(2006). "On the road to obesity: Television viewing increases intake of high-density foods." 
Physiology & Behavior 88(4–5): 597-604. 
Blum, K., A. L. C. Chen, J. Giordano, J. Borsten, T. J. H. Chen, M. Hauser, T. Simpatico, J. 
Femino, E. R. Braverman and D. Barh (2012). "The addictive brain: All roads lead to 
dopamine." Journal Of Psychoactive Drugs 44(2): 134-143. 
Blum, K., Y. Liu, R. Shriner and M. S. Gold (2011). "Reward circuitry dopaminergic 
activation regulates food and drug craving behavior." Current Pharmaceutical Design 17(12): 
1158-1167. 
Blundell, J. E. (2006). "Perspective on the central control of appetite." Obesity 14(7S): S160-
S163. 
Blundell, J. E. and G. Finlayson (2004). "Is susceptibility to weight gain characterized by 
homeostatic or hedonic risk factors for overconsumption?" Physiology & Behavior 82(1): 21-
25. 
Blundell, J. E. and A. Gillett (2001). "Control of food intake in the obese." Obesity Research 
9(S11): 263S-270S. 
337 
 
Blundell, J. E., R. J. Stubbs, C. Golding, F. Croden, R. Alam, S. Whybrow, J. Le Noury and 
C. L. Lawton (2005). "Resistance and susceptibility to weight gain: Individual variability in 
response to a high-fat diet." Physiology & Behavior 86(5): 614-622. 
Boeka, A. G. and K. L. Lokken (2008). "Neuropsychological performance of a clinical 
sample of extremely obese individuals." Archives of Clinical Neuropsychology 23(4): 467-
474. 
Bond, D. S., S. Phelan, T. M. Leahey, J. O. Hill and R. R. Wing (2008). "Weight-loss 
maintenance in successful weight losers: surgical vs non-surgical methods." International 
Journal of Obesity 33(1): 173-180. 
Born, J. M., S. G. Lemmens, M. J. Martens, E. Formisano, R. Goebel and M. S. Westerterp-
Plantenga (2011). "Differences between liking and wanting signals in the human brain and 
relations with cognitive dietary restraint and body mass index." The American Journal of 
Clinical Nutrition 94(2): 392-403. 
Bouchard, C., A. Tremblay, J.-P. Després, A. Nadeau, P. J. Lupien, G. Thériault, J. Dussault, 
S. Moorjani, S. Pinault and G. Fournier (1990). "The response to long-term overfeeding in 
identical twins." New England Journal of Medicine 322(21): 1477-1482. 
Boutelle, K. N. and D. S. Kirschenbaum (1998). "Further support for consistent self-
monitoring as a vital component of successful weight control." Obesity Research 6(3): 219-
224. 
Bove, R. M., D. J. Brick, B. C. Healy, S. M. Mancuso, A. V. Gerweck, M. A. Bredella, J. C. 
Sherman and K. K. Miller (2013). "Metabolic and endocrine correlates of cognitive function 
in healthy young women." Obesity 21(7): 1343-1349. 
Brevers, D., A. Cleeremans, F. Verbruggen, A. Bechara, C. Kornreich, P. Verbanck and X. 
Noël (2012). "Impulsive action but not impulsive choice determines problem gambling 
severity." PLoS ONE 7(11): e50647. 
338 
 
Briefel, R. R., C. T. Sempos, M. A. McDowell, S. Chien and K. Alaimo (1997). "Dietary 
methods research in the third National Health and Nutrition Examination Survey: 
underreporting of energy intake." The American Journal of Clinical Nutrition 65(4): 1203S-
1209S. 
Brinkworth, G. D., J. D. Buckley, M. Noakes, P. M. Clifton and C. J. Wilson (2009). "Long-
term effects of a very low-carbohydrate diet and a low-fat diet on mood and cognitive 
function." Archives of International Medicine 169(20): 1873-1880. 
Brogan, A., D. Hevey and R. Pignatti (2010). "Anorexia, bulimia, and obesity: Shared 
decision making deficits on the Iowa Gambling Task (IGT)." Journal of the International 
Neuropsychological Society 16(04): 711-715. 
Bruce-Keller, A. J., J. N. Keller and C. D. Morrison (2009). "Obesity and vulnerability of the 
CNS." Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease 1792(5): 395-
400. 
Bruce, A. S., R. J. Lepping, J. M. Bruce, J. B. C. Cherry, L. E. Martin, A. M. Davis, W. M. 
Brooks and C. R. Savage (2013). "Brain responses to food logos in obese and healthy weight 
children." The Journal of Pediatrics 162(4): 759-764.e752. 
Bryant, E. J., P. Caudwell, M. Hopkins, N. A. King and J. E. Blundell (2012). "Psycho-
markers of weight loss. The roles of TFEQ Disinhibition and Restraint in exercise-induced 
weight management." Appetite 58(1): 234-241. 
Bryant, E. J., N. A. King and J. E. Blundell (2008). "Disinhibition: Its effects on appetite and 
weight regulation." Obesity Reviews 9(5): 409-419. 
Buchowski, M. S., N. Hongu, S. Acra, L. Wang, J. Warolin and L. J. Roberts, II (2012). 
"Effect of modest caloric restriction on oxidative stress in women, a randomized trial." PLoS 
ONE 7(10): e47079. 
339 
 
Burger, K. S. and E. Stice (2014). "Neural responsivity during soft drink intake, anticipation, 
and advertisement exposure in habitually consuming youth." Obesity 22(2): 441-450. 
Butryn, M. L., S. Phelan, J. O. Hill and R. R. Wing (2007). "Consistent self-monitoring of 
weight: A key component of successful weight loss maintenance." Obesity 15(12): 3091-
3096. 
Caballero, B. (2007). "The global epidemic of obesity: An overview." Epidemiologic 
Reviews 29(1): 1-5. 
Cabeza, R. and L. Nyberg (2000). "Imaging cognition II: An empirical review of 275 PET 
and fMRI studies." Journal of Cognitive Neuroscience 12(1): 1-47. 
Cai, D. (2013). "Neuroinflammation and neurodegeneration in overnutrition-induced 
diseases." Trends in Endocrinology & Metabolism 24(1): 40-47. 
Cai, D. and T. Liu (2011). "Hypothalamic inflammation: A double-edged sword to nutritional 
diseases." Annals of the New York Academy of Sciences 1243(1): E1-E39. 
Cai, D. and T. Liu (2012). "Inflammatory cause of metabolic syndrome via brain stress and 
NF-κB." Aging 4(2): 98-115. 
Calvo, D., R. Galioto, J. Gunstad and M. B. Spitznagel (2014). "Uncontrolled eating is 
associated with reduced executive functioning." Clinical Obesity(In press). 
Capuron, L., C. Poitou, D. Machaux-Tholliez, V. Frochot, J.-L. Bouillot, A. Basdevant, S. 
Layé and K. Clément (2011). "Relationship between adiposity, emotional status and eating 
behaviour in obese women: role of inflammation." Psychological Medicine 41(07): 1517-
1528. 
Carlin, J., T. E. Hill-Smith, I. Lucki and T. M. Reyes (2013). "Reversal of dopamine system 
dysfunction in response to high fat diet." Obesity 21(12): 2513–2521. 
Carnell, S., C. Gibson, L. Benson, C. N. Ochner and A. Geliebter (2011). "Neuroimaging and 
obesity: current knowledge and future directions." Obesity Reviews 13(1): 43-56. 
340 
 
Carr, K. A., H. Lin, K. D. Fletcher and L. H. Epstein (2014). "Food reinforcement, dietary 
disinhibition and weight gain in nonobese adults." Obesity 22(1): 254-259. 
Carr, K. A., H. Lin, K. D. Fletcher, L. Sucheston, P. K. Singh, R. J. Salis, R. W. Erbe, M. S. 
Faith, D. B. Allison, E. Stice and L. H. Epstein (2013). "Two functional serotonin 
polymorphisms moderate the effect of food reinforcement on BMI." Behavioral Neuroscience 
127(3): 387-399. 
Carver, C. S. and T. L. White (1994). "Behavioral inhibition, behavioral activation, and 
affective responses to impending reward and punishment: The BIS/BAS Scales." Journal of 
Personality and Social Psychology 67(2): 319-333. 
Caspersen, C. J., K. E. Powell and G. M. Christenson (1985). "Physical activity, exercise, and 
physical fitness: definitions and distinctions for health-related research." Public Health Rep 
100(2): 126-131. 
Chae, J. S., J. K. Paik, R. Kang, M. Kim, Y. Choi, S.-H. Lee and J. H. Lee (2013). "Mild 
weight loss reduces inflammatory cytokines, leukocyte count, and oxidative stress in 
overweight and moderately obese participants treated for 3 years with dietary modification." 
Nutrition Research 33(3): 195-203. 
Chan, J. S. Y., J. H. Yan and V. G. Payne (2013). "The impact of obesity and exercise on 
cognitive aging." Frontiers in Aging Neuroscience 5. 
Chaput, J.-P., C. Leblanc, L. Perusse, J.-P. Despres, C. Bouchard and A. Tremblay (2009). 
"Risk factors for adult overweight and obesity in the Quebec Family Study: Have we been 
barking up the wrong tree?" Obesity 17(10): 1964-1970. 
Chaput, J.-P. and A. M. Sharma (2011). "Is physical activity in weight management more 
about 'calories in' than 'calories out'?" British Journal of Nutrition 106(11): 1768-1769. 
Chaput, J.-P. and A. Tremblay (2007). "Acute effects of knowledge-based work on feeding 
behavior and energy intake." Physiology & Behavior 90(1): 66-72. 
341 
 
Chaput, J. P., L. Klingenberg, A. Astrup and A. M. Sjödin (2011). "Modern sedentary 
activities promote overconsumption of food in our current obesogenic environment." Obesity 
Reviews 12(5): e12-e20. 
Chugh, G., M. Asghar, G. Patki, R. Bohat, F. Jafri, F. Allam, A. T. Dao, C. Mowrey, K. 
Alkadhi and S. Salim (2013). "A high-salt diet further impairs age-associated declines in 
cognitive, behavioral, and cardiovascular functions in male Fischer Brown Norway rats." The 
Journal of Nutrition 143(9): 1406-1413. 
Coelho, J. S., A. Jansen, A. Roefs and C. Nederkoorn (2009). "Eating behavior in response to 
food-cue exposure: Examining the cue-reactivity and counteractive-control models." 
Psychology of Addictive Behaviors 23(1): 131-139. 
Coelho, J. S., J. Polivy, C. P. Herman and P. Pliner (2009). "Wake up and smell the cookies. 
Effects of olfactory food-cue exposure in restrained and unrestrained eaters." Appetite 52(2): 
517-520. 
Cohen, J. I., K. F. Yates, M. Duong and A. Convit (2011). "Obesity, orbitofrontal structure 
and function are associated with food choice: a cross-sectional study." BMJ Open 1(2). 
Cohen, S., T. Kamarck and R. Mermelstein (1983). "A global measure of perceived stress." 
Journal of Health and Social Behavior 24(4): 385-396. 
Cohen, S. and G. Williamson (1988). Perceived stress in a probability sample of the United 
States. The Social Psychology of Health: Claremont Symposium on Applied Psychology. S. 
Spacapan and S. Oskamp. Newbury Park, CA, Sage: 31-67. 
Colcombe, S. J., K. I. Erickson, P. E. Scalf, J. S. Kim, R. Prakash, E. McAuley, S. Elavsky, 
D. X. Marquez, L. Hu and A. F. Kramer (2006). "Aerobic exercise training increases brain 
volume in aging humans." The Journals of Gerontology Series A: Biological Sciences and 
Medical Sciences 61(11): 1166-1170. 
342 
 
Colcombe, S. J., A. F. Kramer, K. I. Erickson, P. Scalf, E. McAuley, N. J. Cohen, A. Webb, 
G. J. Jerome, D. X. Marquez and S. Elavsky (2004). "Cardiovascular fitness, cortical 
plasticity, and aging." Proceedings of the National Academy of Sciences of the United States 
of America 101(9): 3316-3321. 
Cone, R. D. (2005). "Anatomy and regulation of the central melanocortin system." Nature 
Neuroscience 8(5): 571-578. 
Conner, M., C. Johnson and S. Grogan (2004). "Gender, sexuality, body image and eating 
behaviours." Journal of Health Psychology 9(4): 505-515. 
Cools, J., D. E. Schotte and R. J. McNally (1992). "Emotional arousal and overeating in 
restrained eaters." Journal of Abnormal Psychology 101(2): 348-351. 
Cornier, M.-A. (2009). "The effects of overfeeding and propensity to weight gain on the 
neuronal responses to visual food cues." Physiology & Behavior 97(5): 525-530. 
Cornier, M.-A., E. L. Melanson, A. K. Salzberg, J. L. Bechtell and J. R. Tregellas (2012). 
"The effects of exercise on the neuronal response to food cues." Physiology & Behavior 
105(4): 1028-1034. 
Cornier, M.-A., A. K. Salzberg, D. C. Endly, D. H. Bessesen and J. R. Tregellas (2010). 
"Sex-based differences in the behavioral and neuronal responses to food." Physiology & 
Behavior 99(4): 538-543. 
Corr, P. J. (2004). "Reinforcement sensitivity theory and personality." Neuroscience & 
Biobehavioral Reviews 28(3): 317-332. 
Cournot, M., J. C. Marquié, D. Ansiau, C. Martinaud, H. Fonds, J. Ferrières and J. B. 
Ruidavets (2006). "Relation between body mass index and cognitive function in healthy 
middle-aged men and women." Neurology 67(7): 1208-1214. 
343 
 
Crabtree, D. R., E. S. Chambers, R. M. Hardwick and A. K. Blannin (2014). "The effects of 
high-intensity exercise on neural responses to images of food." The American Journal of 
Clinical Nutrition. 
Craig, C. L., A. L. Marshall, M. Sjostrom, A. E. Bauman, M. L. Booth, B. E. Ainsworth, M. 
Pratt, U. Ekelund, A. Yngve, J. F. Sallis and P. Oja (2003). "International Physical Activity 
Questionnaire: 12-country reliability and validity." Medicine & Science in Sports & Exercise. 
35(8): 1381-1395. 
Crescioni, A. W., J. Ehrlinger, J. L. Alquist, K. E. Conlon, R. F. Baumeister, C. 
Schatschneider and G. R. Dutton (2011). "High trait self-control predicts positive health 
behaviors and success in weight loss." Journal of Health Psychology 16(5): 750-759. 
Cserjési, R., O. Luminet, A.-S. Poncelet and L. Lénárd (2009). "Altered executive function in 
obesity. Exploration of the role of affective states on cognitive abilities." Appetite 52(2): 535-
539. 
Cummings, D. E., J. Q. Purnell, R. S. Frayo, K. Schmidova, B. E. Wisse and D. S. Weigle 
(2001). "A preprandial rise in plasma ghrelin levels suggests a role in meal initiation in 
humans." Diabetes 50(8): 1714-1719. 
Dalton, M., J. Blundell and G. S. Finlayson (2013). "Examination of food reward and energy 
intake under laboratory and free-living conditions in a trait binge eating subtype of obesity." 
Frontiers in Psychology 4. 
Danaei, G., M. M. Finucane, Y. Lu, G. M. Singh, M. J. Cowan, C. J. Paciorek, J. K. Lin, F. 
Farzadfar, Y.-H. Khang, G. A. Stevens, M. Rao, M. K. Ali, L. M. Riley, C. A. Robinson and 
M. Ezzati (2011). "National, regional, and global trends in fasting plasma glucose and 
diabetes prevalence since 1980: systematic analysis of health examination surveys and 
epidemiological studies with 370 country-years and 2·7 million participants." The Lancet 
378(9785): 31-40. 
344 
 
Danielsen, K. K., M. Svendsen, S. Maehlum and J. Sundgot-Borgen (2013). "Changes in 
body composition, cardiovascular disease risk factors, and eating behavior after an intensive 
lifestyle intervention with high volume of physical activity in severely obese subjects: A 
prospective clinical controlled trial." Journal of Obesity 2013: 12. 
Danner, U. N., C. Ouwehand, N. L. van Haastert, H. Hornsveld and D. T. D. de Ridder 
(2012). "Decision-making impairments in women with binge eating disorder in comparison 
with obese and normal weight women." European Eating Disorders Review 20(1): e56-e62. 
Davidson, T. L., A. Monnot, A. U. Neal, A. A. Martin, J. J. Horton and W. Zheng (2012). 
"The effects of a high-energy diet on hippocampal-dependent discrimination performance 
and blood–brain barrier integrity differ for diet-induced obese and diet-resistant rats." 
Physiology & Behavior 107(1): 26-33. 
Davis, C. (2009). "Psychobiological traits in the risk profile for overeating and weight gain." 
International Journal of Obesity 33(S2): S49-S53. 
Davis, C. and J. Fox (2008). "Sensitivity to reward and body mass index (BMI): Evidence for 
a non-linear relationship." Appetite 50(1): 43-49. 
Davis, C., R. D. Levitan, J. Carter, A. S. Kaplan, C. Reid, C. Curtis, K. Patte and J. L. 
Kennedy (2008). "Personality and eating behaviors: A case–control study of binge eating 
disorder." International Journal of Eating Disorders 41(3): 243-250. 
Davis, C., R. D. Levitan, P. Muglia, C. Bewell and J. L. Kennedy (2004). "Decision-making 
deficits and overeating: A risk model for obesity." Obesity Research 12(6): 929-935. 
Davis, C., K. Patte, C. Curtis and C. Reid (2010). "Immediate pleasures and future 
consequences. A neuropsychological study of binge eating and obesity." Appetite 54(1): 208-
213. 
345 
 
Davis, C., K. Patte, R. Levitan, C. Reid, S. Tweed and C. Curtis (2007). "From motivation to 
behaviour: A model of reward sensitivity, overeating, and food preferences in the risk profile 
for obesity." Appetite 48(1): 12-19. 
Davis, C., S. Strachan and M. Berkson (2004). "Sensitivity to reward: Implications for 
overeating and overweight." Appetite 42(2): 131-138. 
Davis, C., C. Zai, R. D. Levitan, A. S. Kaplan, J. C. Carter, C. Reid-Westoby, C. Curtis, K. 
Wight and J. L. Kennedy (2011). "Opiates, overeating and obesity: A psychogenetic 
analysis." International Journal of Obesity 35(10): 1347-1354. 
Davis, C. L., P. D. Tomporowski, J. E. McDowell, B. P. Austin, P. H. Miller, N. E. Yanasak, 
J. D. Allison and J. A. Naglieri (2011). "Exercise improves executive function and 
achievement and alters brain activation in overweight children: A randomized, controlled 
trial." Health Psychology 30(1): 91-98. 
Davison, K. and L. Birch (2004). "Lean and weight stable: Behavioral predictors and 
psychological correlates." Obesity Research 12: 1085-1093. 
Dawe, S. and N. J. Loxton (2004). "The role of impulsivity in the development of substance 
use and eating disorders." Neuroscience & Biobehavioral Reviews 28(3): 343-351. 
de Castro, J. M. (1991). "Weekly rhythms of spontaneous nutrient intake and meal pattern of 
humans." Physiology & Behavior 50(4): 729-738. 
de Groot, L., A. van Es, J. van Raaij, J. Vogt and J. Hautvast (1989). "Adaptation of energy 
metabolism of overweight women to alternating and continuous low energy intake." The 
American Journal of Clinical Nutrition 50(6): 1314-1323. 
de Kloet, A. D., D. J. Pioquinto, N. Dan, W. Lei, J. A. Smith, H. Hiller and C. Sumners 
(2014). "Obesity induces neuroinflammation mediated by altered expression of the renin–
angiotensin system in mouse forebrain nuclei." Physiology & Behavior(In press). 
346 
 
Deighton, K. and D. J. Stensel (2014). "Creating an acute energy deficit without stimulating 
compensatory increases in appetite: is there an optimal exercise protocol?" Proceedings of the 
Nutrition Society 73(02): 352-358. 
Delahanty, L. M., J. B. Meigs, D. Hayden, D. A. Williamson and D. M. Nathan (2002). 
"Psychological and behavioral correlates of baseline BMI in the Diabetes Prevention Program 
(DPP)." Diabetes Care 25(11): 1992-1998. 
Delgado-Rico, E., J. S. Rio-Valle, E. Gonzalez-Jimenez, C. Campoy and A. Verdejo-Garcia 
(2012). "BMI predicts emotion-driven impulsivity and cognitive inflexibility in adolescents 
with excess weight." Obesity 20(8): 1604-1610. 
DelParigi, A., K. Chen, A. D. Salbe, J. O. Hill, R. R. Wing, E. M. Reiman and P. A. 
Tataranni (2006). "Successful dieters have increased neural activity in cortical areas involved 
in the control of behavior." International Journal of Obesity 31(3): 440-448. 
Dickson, S. L., E. Egecioglu, S. Landgren, K. P. Skibicka, J. A. Engel and E. Jerlhag (2011). 
"The role of the central ghrelin system in reward from food and chemical drugs." Molecular 
and Cellular Endocrinology 340(1): 80-87. 
Dimitropoulos, A., J. Tkach, A. Ho and J. Kennedy (2012). "Greater corticolimbic activation 
to high-calorie food cues after eating in obese vs. normal-weight adults." Appetite 58(1): 303-
312. 
Dixon, H., M. Scully, B. Kelly, K. Chapman and M. Wakefield (2014). "Can counter-
advertising reduce pre-adolescent children's susceptibility to front-of-package promotions on 
unhealthy foods?: Experimental research." Social Science & Medicine 116(0): 211-219. 
Dixon, M. L. and K. Christoff (2014). "The lateral prefrontal cortex and complex value-based 
learning and decision making." Neuroscience & Biobehavioral Reviews(In press). 
347 
 
Doucet, E., P. Imbeault, S. St-Pierre, N. Almeras, P. Mauriege, D. Richard and A. Tremblay 
(2000). "Appetite after weight loss by energy restriction and a low-fat diet-exercise follow-
up." International Journal of Obesity and Related Metabolic Disorders 24(7): 906-914. 
Doucet, E., S. St-Pierre, N. Alméras and A. Tremblay (2003). "Relation between appetite 
ratings before and after a standard meal and estimates of daily energy intake in obese and 
reduced obese individuals." Appetite 40(2): 137-143. 
Dougherty, D., C. Mathias, D. Marsh and A. Jagar (2005). "Laboratory behavioral measures 
of impulsivity." Behavior Research Methods 37(1): 82-90. 
Dougherty, D. M., C. W. Mathias, D. M. Marsh-Richard, R. M. Furr, S. O. Nouvion and M. 
A. Dawes (2009). "Distinctions in behavioral impulsivity: Implications for substance abuse 
research." Addictive Disorders & Their Treatment 8(2): 61-73 
10.1097/ADT.1090b1013e318172e318488. 
Douketis, J. D., C. Macie, L. Thabane and D. F. Williamson (2005). "Systematic review of 
long-term weight loss studies in obese adults: clinical significance and applicability to 
clinical practice." International Journal of Obesity and Related Metabolic Disorders 29(10): 
1153-1167. 
Duckworth, A. L. and M. L. Kern (2011). "A meta-analysis of the convergent validity of self-
control measures." Journal of Research in Personality 45(3): 259-268. 
Duffey, K. J. and B. M. Popkin (2011). "Energy density, portion size, and eating occasions: 
Contributions to increased energy intake in the United States, 1977–2006." PLoS Med 8(6): 
e10011050. 
Dykes, J., E. J. Brunner, P. T. Martikainen and J. Wardle (2003). "Socioeconomic gradient in 
body size and obesity among women: the role of dietary restraint, disinhibition and hunger in 
the Whitehall II study." International Journal of Obesity and Related Metabolic Disorders 
28(2): 262-268. 
348 
 
Edwards, L. M., A. J. Murray, C. J. Holloway, E. E. Carter, G. J. Kemp, I. Codreanu, H. 
Brooker, D. J. Tyler, P. A. Robbins and K. Clarke (2011). "Short-term consumption of a 
high-fat diet impairs whole-body efficiency and cognitive function in sedentary men." 
Journal of the Federation of American Societies for Experimental Biology 25(3): 1088-1096. 
Egecioglu, E., E. Jerlhag, N. Salomé, K. P. Skibicka, D. Haage, M. Bohlooly-Y, D. 
Andersson, M. Bjursell, D. Perrissoud, J. A. Engel and S. L. Dickson (2010). "Ghrelin 
increases intake of rewarding food in rodents." Addiction Biology 15(3): 304-311. 
Engle, R. W. (2002). "Working memory capacity as executive attention." Current Directions 
in Psychological Science 11(1): 19-23. 
Epstein, L. H., K. A. Carr, H. Lin and K. D. Fletcher (2011). "Food reinforcement, energy 
intake, and macronutrient choice." The American Journal of Clinical Nutrition 94(1): 12-18. 
Epstein, L. H. and J. J. Leddy (2006). "Food reinforcement." Appetite 46(1): 22-25. 
Epstein, L. H., H. Lin, K. A. Carr and K. D. Fletcher (2012). "Food reinforcement and 
obesity. Psychological moderators." Appetite 58(1): 157-162. 
Epstein, L. H., S. J. Salvy, K. A. Carr, K. K. Dearing and W. K. Bickel (2010). "Food 
reinforcement, delay discounting and obesity." Physiology & Behavior 100(5): 438-445. 
Epstein, L. H., J. L. Temple, B. J. Neaderhiser, R. J. Salis, R. W. Erbe and J. J. Leddy (2007). 
"Food reinforcement, the dopamine D-sub-2 receptor genotype, and energy intake in obese 
and nonobese humans." Behavioral Neuroscience 121(5): 877-886. 
Etnier, J. L., P. M. Nowell, D. M. Landers and B. A. Sibley (2006). "A meta-regression to 
examine the relationship between aerobic fitness and cognitive performance." Brain Research 
Reviews 52(1): 119-130. 
Evans, E. W., P. F. Jacques, G. E. Dallal, J. Sacheck and A. Must (2014). "The role of eating 
frequency on total energy intake and diet quality in a low-income, racially diverse sample of 
schoolchildren." Public Health Nutrition FirstView: 1-8. 
349 
 
Farooqi, I. S., E. Bullmore, J. Keogh, J. Gillard, S. O'Rahilly and P. C. Fletcher (2007). 
"Leptin regulates striatal regions and human eating behavior." Science 317(5843): 1355. 
Fay, S. H. and G. Finlayson (2011). "Negative affect-induced food intake in non-dieting 
women is reward driven and associated with restrained-disinhibited eating subtype." Appetite 
56(3): 682-688. 
Fay, S. H., G. S. Finlayson and N. A. King (2013). "Diet-induced obesity: When does 
consumption become overconsumption?" Current Obesity Reports 2(1): 104-106. 
Fergenbaum, J. H., S. Bruce, W. Lou, A. J. G. Hanley, C. Greenwood and T. K. Young 
(2009). "Obesity and lowered cognitive performance in a Canadian First Nations population." 
Obesity 17(10): 1957-1963. 
Ferriday, D. and J. M. Brunstrom (2008). "How does food-cue exposure lead to larger meal 
sizes?" British Journal of Nutrition 100(06): 1325-1332. 
Feskens, E. M., D. Sluik and H. Du (2014). "The association between diet and obesity in 
specific european cohorts: DiOGenes and EPIC-PANACEA." Current Obesity Reports 3(1): 
67-78. 
Field, A. E., J. Haines, B. Rosner and W. C. Willett (2010). "Weight-control behaviors and 
subsequent weight change among adolescents and young adult females." The American 
Journal of Clinical Nutrition 91(1): 147-153. 
Fields, S. A., M. Sabet and B. Reynolds (2013). "Dimensions of impulsive behavior in obese, 
overweight, and healthy-weight adolescents." Appetite 70(0): 60-66. 
Figlewicz, D. P. and A. J. Sipols (2010). "Energy regulatory signals and food reward." 
Pharmacology Biochemistry and Behavior 97(1): 15-24. 
Finlayson, G., I. Bordes, S. Griffioen-Roose, C. de Graaf and J. E. Blundell (2012). 
"Susceptibility to overeating affects the impact of savory or sweet drinks on satiation, reward, 
and food intake in nonobese women." The Journal of Nutrition 142(1): 125-130. 
350 
 
Finlayson, G., E. Bryant, J. E. Blundell and N. A. King (2009). "Acute compensatory eating 
following exercise is associated with implicit hedonic wanting for food." Physiology & 
Behavior 97(1): 62-67. 
Finlayson, G., P. Caudwell, C. Gibbons, M. Hopkins, N. A. King and J. E. Blundell (2011). 
"Low fat loss response after medium-term supervised exercise in obese is associated with 
exercise-induced increase in food reward." Journal of Obesity 2011: 1-8. 
Finlayson, G., J. Cecil, S. Higgs, A. Hill and M. Hetherington (2012). "Susceptibility to 
weight gain. Eating behaviour traits and physical activity as predictors of weight gain during 
the first year of university." Appetite 58(3): 1091-1098. 
Finlayson, G., N. A. King and J. E. Blundell (2007). "Is it possible to dissociate 'liking' and 
'wanting' for foods in humans? A novel experimental procedure." Physiology & Behavior 
90(1): 36-42. 
Finlayson, G., N. A. King and J. E. Blundell (2007). "Liking vs. wanting food: Importance 
for human appetite control and weight regulation." Neuroscience & Biobehavioral Reviews 
31(7): 987-1002. 
Finlayson, G., N. A. King and J. E. Blundell (2008). "The role of implicit wanting in relation 
to explicit liking and wanting for food: Implications for appetite control." Appetite 50(1): 
120-127. 
Finucane, M. M., G. A. Stevens, M. J. Cowan, G. Danaei, J. K. Lin, C. J. Paciorek, G. M. 
Singh, H. R. Gutierrez, Y. Lu, A. N. Bahalim, F. Farzadfar, L. M. Riley and M. Ezzati 
(2011). "National, regional, and global trends in body-mass index since 1980: systematic 
analysis of health examination surveys and epidemiological studies with 960 country-years 
and 9·1 million participants." The Lancet 377(9765): 557-567. 
Folkvord, F., D. J. Anschütz, C. Nederkoorn, H. Westerik and M. Buijzen (2014). 
"Impulsivity, “advergames,” and food intake." Pediatrics 133(6): 1007-1012. 
351 
 
Francis, H. M. and R. J. Stevenson (2011). "Higher reported saturated fat and refined sugar 
intake is associated with reduced hippocampal-dependent memory and sensitivity to 
interoceptive signals." Behavioral Neuroscience 125(6): 943-955. 
Francis, H. M. and R. J. Stevenson (2013). "The longer-term impacts of Western diet on 
human cognition and the brain." Appetite 63(0): 119-128. 
Franken, I. H. A. and P. Muris (2005). "Individual differences in reward sensitivity are 
related to food craving and relative body weight in healthy women." Appetite 45(2): 198-201. 
French, S. A., N. R. Mitchell, G. Finlayson, J. E. Blundell and R. W. Jeffery (2014). 
"Questionnaire and laboratory measures of eating behavior. Associations with energy intake 
and BMI in a community sample of working adults." Appetite 72: 50-58. 
French, S. A., N. R. Mitchell, J. Wolfson, L. J. Harnack, R. W. Jeffery, A. F. Gerlach, J. E. 
Blundell and P. R. Pentel (2014). "Portion size effects on weight gain in a free living setting." 
Obesity 22(6): 1400-1405. 
Fulcher, K. K., M. L. Alosco, L. Miller, M. B. Spitznagel, R. Cohen, N. Raz, L. Sweet, L. H. 
Colbert, R. Josephson, J. Hughes, J. Rosneck and J. Gunstad (2014). "Greater physical 
activity is associated with better cognitive function in heart failure." Health Psychology(In 
press). 
Fulton, S. (2010). "Appetite and reward." Frontiers in Neuroendocrinology 31(1): 85-103. 
Gadah, N. S., L. A. Kyle, J. E. Smith, J. M. Brunstrom and P. J. Rogers (2013). "Sugar-
containing drinks. Why do men compensate more than women?" Appetite 71: 475. 
Galgani, J. and E. Ravussin (2008). "Energy metabolism, fuel selection and body weight 
regulation." International Journal of Obesity 32 Suppl 7: S109-119. 
Garner, D. M. and S. C. Wooley (1991). "Confronting the failure of behavioral and dietary 
treatments for obesity." Clinical Psychology Review 11(6): 729-780. 
352 
 
Gazdzinski, S., J. Kornak, M. W. Weiner and D. J. Meyerhoff (2008). "Body mass index and 
magnetic resonance markers of brain integrity in adults." Annals of Neurology 63(5): 652-
657. 
Gearhardt, A. N., M. T. Rizk and T. A. Treat (2014). "The association of food characteristics 
and individual differences with ratings of craving and liking." Appetite 79: 166-173. 
Geier, A., B. Wansink and P. Rozin (2012). "Red potato chips: Segmentation cues can 
substantially decrease food intake." Health Psychology 31(3): 398-401. 
Geliebter, A., I. Ang, M. Bernales-Korins, D. Hernandez, C. N. Ochner, T. Ungredda, R. 
Miller and L. Kolbe (2013). "Supermarket discounts of low-energy density foods: Effects on 
purchasing, food intake, and body weight." Obesity 21(12): E542-E548. 
Gerecke, K. M., A. Kolobova, S. Allen and J. L. Fawer (2013). "Exercise protects against 
chronic restraint stress-induced oxidative stress in the cortex and hippocampus." Brain 
Research 1509(0): 66-78. 
Gibson, E. L., S. Barr and Y. M. Jeanes (2013). "Habitual fat intake predicts memory 
function in younger women." Frontiers in Human Neuroscience 7. 
Giesen, J. C. A. H., R. C. Havermans, A. Douven, M. Tekelenburg and A. Jansen (2010). 
"Will work for snack food: The association of BMI and snack reinforcement." Obesity 18(5): 
966-970. 
Gilhooly, C. H., S. K. Das, J. K. Golden, M. A. McCrory, G. E. Dallal, E. Saltzman, F. M. 
Kramer and S. B. Roberts (2007). "Food cravings and energy regulation: the characteristics 
of craved foods and their relationship with eating behaviors and weight change during 6 
months of dietary energy restriction." International Journal of Obesity 31(12): 1849-1858. 
Giordano, A., A. Smorlesi, A. Frontini, G. Barbatelli and S. Cinti (2014). "White, brown and 
pink adipocytes: the extraordinary plasticity of the adipose organ." European Journal of 
Endocrinology(In press). 
353 
 
Gloy, V. L., M. Briel, D. L. Bhatt, S. R. Kashyap, P. R. Schauer, G. Mingrone, H. C. Bucher 
and A. J. Nordmann (2013). "Bariatric surgery versus non-surgical treatment for obesity: a 
systematic review and meta-analysis of randomised controlled trials." BMJ 347(f5934). 
Goldschmidt, A. B., S. A. Wonderlich, R. D. Crosby, L. Cao, S. G. Engel, J. M. Lavender, J. 
E. Mitchell, S. J. Crow, C. B. Peterson and D. Le Grange (2014). "Latent profile analysis of 
eating episodes in anorexia nervosa." Journal of Psychiatric Research 53(0): 193-199. 
Goldsmith, R., D. R. Joanisse, D. Gallagher, K. Pavlovich, E. Shamoon, R. L. Leibel and M. 
Rosenbaum (2010). Effects of experimental weight perturbation on skeletal muscle work 
efficiency, fuel utilization, and biochemistry in human subjects. 
Golubic, R., U. Ekelund, K. Wijndaele, R. Luben, K. T. Khaw, N. J. Wareham and S. Brage 
(2013). "Rate of weight gain predicts change in physical activity levels: a longitudinal 
analysis of the EPIC-Norfolk cohort." International Journal of Obesity 37(3): 404-409. 
Gonzales, M. M., T. Tarumi, S. C. Miles, H. Tanaka, F. Shah and A. P. Haley (2010). 
"Insulin sensitivity as a mediator of the relationship between BMI and working memory-
related brain activation." Obesity 18(11): 2131-2137. 
Gortmaker, S. L., A. Must, A. M. Sobol, K. Peterson, G. A. Colditz and W. H. Dietz (1996). 
"Television viewing as a cause of increasing obesity among children in the united states, 
1986-1990." Archives of Pediatrics & Adolescent Medicine 150(4): 356-362. 
Gortmaker, S. L., B. A. Swinburn, D. Levy, R. Carter, P. L. Mabry, D. T. Finegood, T. 
Huang, T. Marsh and M. L. Moodie (2011). "Changing the future of obesity: science, policy, 
and action." The Lancet 378(9793): 838-847. 
Grant, J. E. and M. N. Potenza (2012). The Oxford Handbook of Impulse Control Disorders. 
New York, Oxford University Press. 
Gray, J. A. and N. McNaughton (2000). The Neuropsychology of Anxiety. Oxford, Oxford 
University Press. 
354 
 
Gray, J. R., C. F. Chabris and T. S. Braver (2003). "Neural mechanisms of general fluid 
intelligence." Nature Neuroscience 6(3): 316-322. 
Greeno, C. G. and R. R. Wing (1994). "Stress-induced eating." Psychological Bulletin 
115(3): 444-464. 
Gregori, D., S. Ballali, M. G. Vecchio, A. S. Sciré, F. Foltran and P. Berchialla (2014). 
"Randomized controlled trials evaluating effect of television advertising on food intake in 
children: Why such a sensitive topic is lacking top-level evidence?" Ecology of Food and 
Nutrition 53(5): 562-577. 
Griffioen-Roose, S., G. Finlayson, M. Mars, J. E. Blundell and C. de Graaf (2010). 
"Measuring food reward and the transfer effect of sensory specific satiety." Appetite 55(3): 
648-655. 
Grillo, C. A., P. Mulder, V. A. Macht, K. F. Kaigler, S. P. Wilson, M. A. Wilson and L. P. 
Reagan (2014). "Dietary restriction reverses obesity-induced anhedonia." Physiology & 
Behavior 128(0): 126-132. 
Guerrieri, R., C. Nederkoorn and A. Jansen (2007). "How impulsiveness and variety 
influence food intake in a sample of healthy women." Appetite 48(1): 119-122. 
Guerrieri, R., C. Nederkoorn and A. Jansen (2007). "The interaction between impulsivity and 
a varied food environment: Its influence on food intake and overweight." International 
Journal of Obesity 32(4): 708-714. 
Guerrieri, R., C. Nederkoorn and A. Jansen (2012). "Disinhibition is easier learned than 
inhibition. The effects of (dis)inhibition training on food intake." Appetite 59(1): 96-99. 
Guerrieri, R., C. Nederkoorn, K. Stankiewicz, H. Alberts, N. Geschwind, C. Martijn and A. 
Jansen (2007). "The influence of trait and induced state impulsivity on food intake in normal-
weight healthy women." Appetite 49(1): 66-73. 
355 
 
Gunstad, J., A. Lhotsky, C. R. Wendell, L. Ferrucci and A. B. Zonderman (2010). 
"Longitudinal examination of obesity and cognitive function: Results from the Baltimore 
Longitudinal Study of Aging." Neuroepidemiology 34(4): 222-229. 
Gunstad, J., G. Strain, M. J. Devlin, R. Wing, R. A. Cohen, R. H. Paul, R. D. Crosby and J. 
E. Mitchell (2011). "Improved memory function 12 weeks after bariatric surgery." Surgery 
for Obesity and Related Diseases 7(4): 465-472. 
Gutierrez-Lopez, L., J. R. Garcia-Sanchez, M. J. Rincon-Viquez, E. Lara-Padilla, M. P. 
Sierra-Vargas and I. M. Olivares-Corichi (2012). "Hypocaloric diet and regular moderate 
aerobic exercise is an effective strategy to reduce anthropometric parameters and oxidative 
stress in obese patients." Obesity Facts 5(1): 12-22. 
Haase, L., E. Green and C. Murphy (2011). "Males and females show differential brain 
activation to taste when hungry and sated in gustatory and reward areas." Appetite 57(2): 
421-434. 
Halford, J. C. G. and E. J. Boyland (2013). "The marketing of foods and non-alcoholic 
beverages to children. Setting the research agenda." Appetite 62(0): 182-184. 
Hall, K. D., S. B. Heymsfield, J. W. Kemnitz, S. Klein, D. A. Schoeller and J. R. Speakman 
(2012). "Energy balance and its components: implications for body weight regulation." The 
American Journal of Clinical Nutrition 95(4): 989-994. 
Hall, P. A. (2012). "Executive control resources and frequency of fatty food consumption: 
Findings from an age-stratified community sample." Health Psychology 31(2): 235-241. 
Haltia, L. T., A. Viljanen, R. Parkkola, N. Kemppainen, J. O. Rinne, P. Nuutila and V. 
Kaasinen (2007). "Brain white matter expansion in human obesity and the recovering effect 
of dieting." Journal of Clinical Endocrinology & Metabolism 92(8): 3278-3284. 
356 
 
Hamer, M., E. J. Brunner, J. Bell, G. D. Batty, M. Shipley, T. Akbaraly, A. Singh-Manoux 
and M. Kivimaki (2013). "Physical activity patterns over 10 years in relation to body mass 
index and waist circumference: The Whitehall II cohort study." Obesity 21(12): E755–E761. 
Hansen, B. H., I. Holme, S. A. Anderssen and E. Kolle (2013). "Patterns of objectively 
measured physical activity in normal weight, overweight, and obese individuals (20-85 
years): a cross-sectional study." PLoS One 8(1): e53044. 
Harden, C. J., B. M. Corfe, J. C. Richardson, P. W. Dettmar and J. R. Paxman (2009). "Body 
mass index and age affect Three-Factor Eating Questionnaire scores in male subjects." 
Nutrition Research 29(6): 379-382. 
Hare, T. A., C. F. Camerer and A. Rangel (2009). "Self-control in decision-making involves 
modulation of the vmPFC valuation system." Science 324(5927): 646-648. 
Hare, T. A., S. Hakimi and A. Rangel (2014). "Activity in dlPFC and its effective 
connectivity to vmPFC are associated with temporal discounting." Frontiers in Neuroscience 
8. 
Harris, J. L., J. A. Bargh and K. D. Brownell (2009). "Priming effects of television food 
advertising on eating behavior." Health Psychology 28(4): 404-413. 
Hassenstab, J. J., L. H. Sweet, A. Del Parigi, J. M. McCaffery, A. P. Haley, K. E. Demos, R. 
A. Cohen and R. R. Wing (2012). "Cortical thickness of the cognitive control network in 
obesity and successful weight loss maintenance: A preliminary MRI study." Psychiatry 
Research: Neuroimaging 202(1): 77-79. 
Havel, P. J., S. Kasim-Karakas, W. Mueller, P. R. Johnson, R. L. Gingerich and J. S. Stern 
(1996). "Relationship of plasma leptin to plasma insulin and adiposity in normal weight and 
overweight women: effects of dietary fat content and sustained weight loss." The Journal of 
Clinical Endocrinology & Metabolism 81(12): 4406-4413. 
357 
 
Haws, K. L. and J. P. Redden (2013). "In control of variety. High self-control reduces the 
effect of variety on food consumption." Appetite 69: 196-203. 
Hayes, M., M. Chustek, S. Heshka, Z. Wang, A. Pietrobelli and S. B. Heymsfield (2004). 
"Low physical activity levels of modern Homo sapiens among free-ranging mammals." Int J 
Obes Relat Metab Disord 29(1): 151-156. 
Haynes, C., M. D. Lee and M. R. Yeomans (2003). "Interactive effects of stress, dietary 
restraint, and disinhibition on appetite." Eating Behaviors 4(4): 369-383. 
Hays, N. P. and S. B. Roberts (2007). "Aspects of eating behaviors 'Disinhibition' and 
'Restraint' are related to weight gain and BMI in women. ." Obesity 16(1): 52-58. 
Head, D., T. Singh and J. M. Bugg (2012). "The moderating role of exercise on stress-related 
effects on the hippocampus and memory in later adulthood." Neuropsychology 26(2): 133-
143. 
Heaton, R. K., G. J. Chelune, J. L. Talley, G. G. Kay and G. Curtiss (1993). Wisconsin Card 
Sorting Test Manual: Revised and Expanded. Odessa, FL, Psychological Assessment 
Resources Inc. 
Heilbronn, L. K., L. de Jonge, M. I. Frisard, J. P. DeLany, D. E. Larson-Meyer, J. Rood, T. 
Nguyen, C. K. Martin, J. Volaufova, M. M. Most, F. L. Greenway, S. R. Smith, W. A. 
Deutsch, D. A. Williamson, E. Ravussin and f. t. P. C. Team (2006). "Effect of 6-month 
calorie restriction on biomarkers of longevity, metabolic adaptation, and oxidative stress in 
overweight individuals." JAMA: The Journal of the American Medical Association 295(13): 
1539-1548. 
Hepworth, R., K. Mogg, C. Brignell and B. P. Bradley (2010). "Negative mood increases 
selective attention to food cues and subjective appetite." Appetite 54(1): 134-142. 
Herington, J., A. Dawson and H. Draper (2014). Obesity, Liberty, and Public Health 
Emergencies. Hastings Centre Report. 
358 
 
Herman, C. P. and D. Mack (1975). "Restrained and unrestrained eating." Journal of 
Personality 43(4): 647-660. 
Herman, C. P., J. M. Ostovich and J. Polivy (1999). "Effects of attentional focus on 
subjective hunger ratings." Appetite 33(2): 181-193. 
Herrnstein, R. J. (1964). "Secondary reinforcement and rate of primary reinforcement." 
Journal of the Experimental Analysis of Behavior 7(1): 27-36. 
Hetherington, M. M. (2007). "Cues to overeat: Psychological factors influencing 
overconsumption." Proceedings of the Nutrition Society 66(01): 113-123. 
Hetherington, M. M. (2007). "Individual differences in the drive to overeat." Nutrition 
Bulletin 32(SUPPL.1): 14-21. 
Hill, A. J., P. J. Rogers and J. E. Blundell (1995). "Techniques for the experimental 
measurement of human eating behaviour and food intake: A practical guide." International 
Journal of Obesity and Related Metabolic Disorders 19(6): 361-375. 
Hill, C., C. H. Llewellyn, J. Saxton, L. Webber, C. Semmler, S. Carnell, C. H. M. van 
Jaarsveld, D. Boniface and J. Wardle (2008). "Adiposity and 'eating in the absence of hunger' 
in children." International Journal of Obesity 32(10): 1499-1505. 
Hill, C., J. Saxton, L. Webber, J. Blundell and J. Wardle (2009). "The relative reinforcing 
value of food predicts weight gain in a longitudinal study of 7–10-y-old children." The 
American Journal of Clinical Nutrition 90(2): 276-281. 
Hofmann, W., M. Friese and A. Roefs (2009). "Three ways to resist temptation: The 
independent contributions of executive attention, inhibitory control, and affect regulation to 
the impulse control of eating behavior." Journal of Experimental Social Psychology 45(2): 
431-435. 
Hofmann, W., T. Gschwendner, M. Friese, R. W. Wiers and M. Schmitt (2008). "Working 
memory capacity and self-regulatory behavior: Toward an individual differences perspective 
359 
 
on behavior determination by automatic versus controlled processes." Journal of Personality 
and Social Psychology 95(4): 962-977. 
Hofmann, W., W. Rauch and B. Gawronski (2007). "And deplete us not into temptation: 
Automatic attitudes, dietary restraint, and self-regulatory resources as determinants of eating 
behavior." Journal of Experimental Social Psychology 43(3): 497-504. 
Hollmann, M., L. Hellrung, B. Pleger, H. Schlogl, S. Kabisch, M. Stumvoll, A. Villringer and 
A. Horstmann (2011). "Neural correlates of the volitional regulation of the desire for food." 
International Journal of Obesity 36(5): 648-655. 
Holverstott, K. M., K. E. Ehrhardt, T. Parish, R. Ervin, L. Jennings and A. Poling (2002). 
"Females and males as participants in school psychology research: Data from four journals 
over 15 years." School Psychology International 23(4): 449-457. 
Holzschneider, K., T. Wolbers, B. Röder and K. Hötting (2012). "Cardiovascular fitness 
modulates brain activation associated with spatial learning." NeuroImage 59(3): 3003-3014. 
Hopkins, M., C. Gibbons, P. Caudwell, P. M. Hellstrom, E. Naslund, N. A. King, G. 
Finlayson and J. E. Blundell (2014). "The adaptive metabolic response to exercise-induced 
weight loss influences both energy expenditure and energy intake." European Journal of 
Clinical Nutrition 68(5): 581-586. 
Hopkins, M., C. Gibbons, P. Caudwell, D.-L. Webb, P. M. Hellstrom, E. Naslund, J. E. 
Blundell and G. Finlayson (2014). "Fasting leptin is a metabolic determinant of food reward 
in overweight and obese individuals during chronic aerobic exercise training." International 
Journal of Endocrinology 2014: 8. 
Horner, K. M. (2013). Gastric emptying, appetite, energy intake and exercise in males. 
Doctor of Philosophy PhD by publication, Queensland University of Technology. 
Hötting, K. and B. Röder (2013). "Beneficial effects of physical exercise on neuroplasticity 
and cognition." Neuroscience & Biobehavioral Reviews 37(9, Part B): 2243-2257. 
360 
 
Hou, R., K. Mogg, B. P. Bradley, R. Moss-Morris, R. Peveler and A. Roefs (2011). "External 
eating, impulsivity and attentional bias to food cues." Appetite 56(2): 424-427. 
Houben, K. (2011). "Overcoming the urge to splurge: Influencing eating behavior by 
manipulating inhibitory control." Journal of Behavior Therapy and Experimental Psychiatry 
42(3): 384-388. 
Houben, K., C. Nederkoorn and A. Jansen (2013). "Eating on impulse: The relation between 
overweight and food-specific inhibitory control." Obesity: n/a-n/a. 
Houben, K., C. Nederkoorn and A. Jansen (2014). "Eating on impulse: The relation between 
overweight and food-specific inhibitory control." Obesity 22(5): E6-E8. 
Jääskeläinen, T., J. Paananen, J. Lindström, J. G. Eriksson, J. Tuomilehto and M. Uusitupa 
(2013). "Genetic predisposition to obesity and lifestyle factors – the combined analyses of 
twenty-six known BMI- and fourteen known waist:hip ratio (WHR)-associated variants in the 
Finnish Diabetes Prevention Study." British Journal of Nutrition FirstView: 1-10. 
Jacobs, S. B. and M. K. Wagner (1984). "Obese and nonobese individuals: Behavioral and 
personality characteristics." Addictive Behaviors 9(2): 223-226. 
Jaeggi, S. M., M. Buschkuehl, W. J. Perrig and B. Meier (2010). "The concurrent validity of 
the N-back task as a working memory measure." Memory 18(4): 394-412. 
Jansen, A., N. Theunissen, K. Slechten, C. Nederkoorn, B. Boon, S. Mulkens and A. Roefs 
(2003). "Overweight children overeat after exposure to food cues." Eating Behaviors 4(2): 
197-209. 
Jasinska, A. J., M. Yasuda, C. F. Burant, N. Gregor, S. Khatri, M. Sweet and E. B. Falk 
(2012). "Impulsivity and inhibitory control deficits are associated with unhealthy eating in 
young adults." Appetite 59(3): 738-747. 
361 
 
Jeffery, R. W., L. H. Epstein, G. T. Wilson, A. Drewnowski, A. J. Stunkard and R. R. Wing 
(2000). "Long-term maintenance of weight loss: Current status." Health Psychology 19(1): 5-
16. 
Jenkin, G. L., L. Signal and G. Thomson (2011). "Framing obesity: the framing contest 
between industry and public health at the New Zealand inquiry into obesity." Obesity 
Reviews 12(12): 1022-1030. 
Jodzio, K. and D. Biechowska (2010). "Wisconsin Card Sorting Test as a measure of 
executive function impairments in stroke patients." Applied Neuropsychology 17(4): 267-
277. 
Johansson, G., Å. Wikman, A.-M. Åhrén, G. Hallmans and I. Johansson (2001). 
"Underreporting of energy intake in repeated 24-hour recalls related to gender, age, weight 
status, day of interview, educational level, reported food intake, smoking habits and area of 
living." Public Health Nutrition 4(04): 919-927. 
Johnson, F., M. Pratt and J. Wardle (2011). "Dietary restraint and self-regulation in eating 
behavior." International Journal of Obesity. 
Joosten, H., M. E. A. van Eersel, R. T. Gansevoort, H. J. G. Bilo, J. P. J. Slaets and G. J. 
Izaks (2013). "Cardiovascular risk profile and cognitive function in young, middle-aged, and 
elderly subjects." Stroke. 
Joseph, R. J., M. Alonso-Alonso, D. S. Bond, A. Pascual-Leone and G. L. Blackburn (2011). 
"The neurocognitive connection between physical activity and eating behaviour." Obesity 
Reviews 12(10): 800-812. 
Junger, M. and M. van Kampen (2010). "Cognitive ability and self-control in relation to 
dietary habits, physical activity and bodyweight in adolescents." International Journal of 
Behavioral Nutrition and Physical Activity 7(22): 1-12. 
362 
 
Jurdak, N. and R. B. Kanarek (2009). "Sucrose-induced obesity impairs novel object 
recognition learning in young rats." Physiology & Behavior 96(1): 1-5. 
Jurdak, N., A. H. Lichtenstein and R. B. Kanarek (2008). "Diet-induced obesity and spatial 
cognition in young male rats." Nutritional Neuroscience 11(2): 48-54. 
Kam, J. W. Y., R. Dominelli and S. R. Carlson (2012). "Differential relationships between 
sub‐traits of BIS-11 impulsivity and executive processes: An ERP study." International 
Journal of Psychophysiology 85(2): 174-187. 
Kane, M. J., A. R. A. Conway, T. K. Miura and G. J. H. Colflesh (2007). "Working memory, 
attention control, and the n-back task: A question of construct validity." Journal of 
Experimental Psychology: Learning, Memory, and Cognition 33(3): 615-622. 
Kanoski, S. E., R. L. Meisel, A. J. Mullins and T. L. Davidson (2007). "The effects of 
energy-rich diets on discrimination reversal learning and on BDNF in the hippocampus and 
prefrontal cortex of the rat." Behavioural Brain Research 182(1): 57-66. 
Kawano, H., M. Mineta, M. Asaka, M. Miyashita, S. Numao, Y. Gando, T. Ando, S. 
Sakamoto and M. Higuchi (2013). "Effects of different modes of exercise on appetite and 
appetite-regulating hormones." Appetite 66(1): 26-33. 
Keene, J. M. and T. Hope (1997). "Hyperphagia in dementia: 1. The use of an objective and 
reliable method for measuring hyperphagia in people with dementia." Appetite 28(2): 151-
165. 
Keim, N. L., D. J. Canty, T. F. Barbieri and M.-M. Wu (1996). "Effect of exercise and dietary 
restraint on energy intake of reduced-obese women." Appetite 26(1): 55-70. 
Kemps, E., M. Tiggemann and S. Hollitt (2014). "Exposure to television food advertising 
primes food-related cognitions and triggers motivation to eat." Psychology & Health 29(10): 
1192-1205. 
363 
 
Keränen, A.-M., K. Strengell, M. J. Savolainen and J. H. Laitinen (2011). "Effect of weight 
loss intervention on the association between eating behaviour measured by TFEQ-18 and 
dietary intake in adults." Appetite 56(1): 156-162. 
Kesse-Guyot, E., V. A. Andreeva, C. Jeandel, M. Ferry, S. Hercberg and P. Galan (2012). "A 
healthy dietary pattern at midlife is associated with subsequent cognitive performance." The 
Journal of Nutrition 142(5): 909-915. 
Killgore, W. D. S. and D. A. Yurgelun-Todd (2010). "Sex differences in cerebral responses to 
images of high versus low-calorie food." NeuroReport 21(5): 354-358 
310.1097/WNR.1090b1013e32833774f32833777. 
Kindlon, D., E. Mezzacappa and F. Earls (1995). "Psychometric properties of impulsivity 
measures: temporal stability, validity and factor structure." Journal of Child Psychology & 
Psychiatry 36(4): 645-661. 
King, B. M. (2013). "The modern obesity epidemic, ancestral hunter-gatherers, and the 
sensory/reward control of food intake." American Psychologist 68(2): 88-96. 
King, N. A., P. P. Caudwell, M. Hopkins, J. R. Stubbs, E. Naslund and J. E. Blundell (2009). 
"Dual-process action of exercise on appetite control: increase in orexigenic drive but 
improvement in meal-induced satiety." The American Journal of Clinical Nutrition 90(4): 
921-927. 
King, N. A., M. Hopkins, P. Caudwell, R. J. Stubbs and J. E. Blundell (2008). "Individual 
variability following 12 weeks of supervised exercise: identification and characterization of 
compensation for exercise-induced weight loss." International Journal of Obesity 32(1): 177-
184. 
King, N. A., K. Horner, A. P. Hills, N. M. Byrne, R. E. Wood, E. Bryant, P. Caudwell, G. 
Finlayson, C. Gibbons, M. Hopkins, C. Martins and J. E. Blundell (2011). "Exercise, appetite 
and weight management: understanding the compensatory responses in eating behaviour and 
364 
 
how they contribute to variability in exercise-induced weight loss." British Journal of Sports 
Medicine. 
King, N. A., K. Horner, A. P. Hills, N. M. Byrne, R. E. Wood, E. Bryant, P. Caudwell, G. 
Finlayson, C. Gibbons, M. Hopkins, C. Martins and J. E. Blundell (2012). "Exercise, appetite 
and weight management: understanding the compensatory responses in eating behaviour and 
how they contribute to variability in exercise-induced weight loss." British Journal of Sports 
Medicine 46(5): 315-322. 
King, N. A., K. Horner, A. P. Hills, N. M. Byrne, R. E. Wood, E. Bryant, P. Caudwell, G. 
Finlayson, C. Gibbons, M. Hopkins, C. Martins and J. E. Blundell (2013). "The interaction 
between exercise, appetite, and food intake: Implications for weight control." American 
Journal of Lifestyle Medicine 7(4): 265-273. 
King, S. J., A. M. Isaacs, E. O'Farrell and A. Abizaid (2011). "Motivation to obtain preferred 
foods is enhanced by ghrelin in the ventral tegmental area." Hormones and Behavior 60(5): 
572-580. 
Kishinevsky, F. I., J. E. Cox, D. L. Murdaugh, L. E. Stoeckel, E. W. Cook Iii and R. E. 
Weller (2012). "fMRI reactivity on a delay discounting task predicts weight gain in obese 
women." Appetite 58(2): 582-592. 
Kissileff, H. R., J. C. Thornton, M. I. Torres, K. Pavlovich, L. S. Mayer, V. Kalari, R. L. 
Leibel and M. Rosenbaum (2012). "Leptin reverses declines in satiation in weight-reduced 
obese humans." The American Journal of Clinical Nutrition 95(2): 309-317. 
Kita, J. M., L. E. Parker, P. E. M. Phillips, P. A. Garris and R. M. Wightman (2007). 
"Paradoxical modulation of short-term facilitation of dopamine release by dopamine 
autoreceptors." Journal of Neurochemistry 102(4): 1115-1124. 
Knops, A., H.-C. Nuerk, B. Fimm, R. Vohn and K. Willmes (2006). "A special role for 
numbers in working memory? An fMRI study." NeuroImage 29(1): 1-14. 
365 
 
Koob, G. F. (1992). "Drugs of abuse: anatomy, pharmacology and function of reward 
pathways." Trends in Pharmacological Sciences 13(0): 177-184. 
Krafft, C. E., N. F. Schwarz, L. Chi, A. L. Weinberger, D. J. Schaeffer, J. E. Pierce, A. L. 
Rodrigue, N. E. Yanasak, P. H. Miller, P. D. Tomporowski, C. L. Davis and J. E. McDowell 
(2013). "An eight month randomized controlled exercise trial alters brain activation during 
cognitive tasks in overweight children." Obesity 22(1): 232-242. 
Kral, T. V., D. B. Allison, L. L. Birch, V. A. Stallings, R. H. Moore and M. S. Faith (2012). 
"Caloric compensation and eating in the absence of hunger in 5- to 12-y-old weight-
discordant siblings." The American Journal of Clinical Nutrition 96(3): 574-583. 
Kramer, A. F., S. Hahn, N. J. Cohen, M. T. Banich, E. McAuley, C. R. Harrison, J. Chason, 
E. Vakil, L. Bardell, R. A. Boileau and A. Colcombe (1999). "Ageing, fitness and 
neurocognitive function." Nature 400(6743): 418-419. 
Kroemer, N. B., L. Krebs, A. Kobiella, O. Grimm, M. Pilhatsch, M. Bidlingmaier, U. S. 
Zimmermann and M. N. Smolka (2013). "Fasting levels of ghrelin covary with the brain 
response to food pictures." Addiction Biology 18(5): 855–862. 
Krukowski, R. A., J. Harvey-Berino, Z. Bursac, T. Ashikaga and D. S. West (2012). "Patterns 
of success: Online self-monitoring in a web-based behavioral weight control program." 
Health Psychology 32(2): 164-170. 
Kuijer, R., D. de Ridder, C. Ouwehand, B. Houx and R. van den Bos (2008). "Dieting as a 
case of behavioural decision making. Does self-control matter?" Appetite 51(3): 506-511. 
la Fleur, S. E., M. C. M. Luijendijk, E. M. van der Zwaal, M. A. D. Brans and R. A. H. Adan 
(2014). "The snacking rat as model of human obesity: effects of a free-choice high-fat high-
sugar diet on meal patterns." International Journal of Obesity 38(5): 643-649. 
366 
 
la Fleur, S. E., L. J. M. J. Vanderschuren, M. C. Luijendijk, B. M. Kloeze, B. Tiesjema and 
R. A. H. Adan (2007). "A reciprocal interaction between food-motivated behavior and diet-
induced obesity." International Journal of Obesity 31(8): 1286-1294. 
Larsen, J. K., R. C. J. Hermans and R. C. M. E. Engels (2012). "Food intake in response to 
food-cue exposure. Examining the influence of duration of the cue exposure and trait 
impulsivity." Appetite 58(3): 907-913. 
Larsen, J. K., T. van Strien, R. Eisinga, C. P. Herman and R. C. M. E. Engels (2007). 
"Dietary restraint: Intention versus behavior to restrict food intake." Appetite 49(1): 100-108. 
Lattimore, P., N. Fisher and P. Malinowski (2011). "A cross-sectional investigation of trait 
disinhibition and its association with mindfulness and impulsivity." Appetite 56(2): 241-248. 
Lattimore, P. and L. Maxwell (2004). "Cognitive load, stress, and disinhibited eating." Eating 
Behaviors 5(4): 315-324. 
Laurenius, A., I. Larsson, K. J. Melanson, A. K. Lindroos, H. Lonroth, I. Bosaeus and T. 
Olbers (2013). "Decreased energy density and changes in food selection following Roux-en-
Y gastric bypass." European Journal of Clinical Nutrition 67(2): 168-173. 
Lavie, C. J., R. V. Milani and H. O. Ventura (2009). "Obesity and cardiovascular disease: 
Risk factor, paradox, and impact of weight loss." Journal of the American College of 
Cardiology 53(21): 1925-1932. 
Ledgerwood, D. M., S. M. Alessi, N. Phoenix and N. M. Petry (2009). "Behavioral 
assessment of impulsivity in pathological gamblers with and without substance use disorder 
histories versus healthy controls." Drug and Alcohol Dependence 105(1-2): 89-96. 
Lee, B., H. Kim, S.-K. Lee, J. Yoon and S.-J. Chung (2014). "Effects of exposure to 
television advertising for energy-dense/nutrient-poor food on children's food intake and 
obesity in South Korea." Appetite 81(0): 305-311. 
367 
 
Lee, Y., M. F.-F. Chong, J. C. Liu, C. Libedinsky, J. J. Gooley, S. Chen, T. Wu, V. Tan, M. 
Zhou, M. J. Meaney, Y. S. Lee and M. W. Chee (2013). "Dietary disinhibition modulates 
neural valuation of food in the fed and fasted states." The American Journal of Clinical 
Nutrition 97(5): 919-925. 
Lenard, N. R. and H. R. Berthoud (2008). "Central and peripheral regulation of food intake 
and physical activity: Pathways and genes." Obesity 16: S11-S22. 
Levine, J. A., N. L. Eberhardt and M. D. Jensen (1999). "Role of nonexercise activity 
thermogenesis in resistance to fat gain in humans." Science 283(5399): 212-214. 
Levitsky, D. A. and C. R. Pacanowski (2011). "Free will and the obesity epidemic." Public 
Health Nutrition 15(5): 126-141. 
Liang, J., B. E. Matheson, W. H. Kaye and K. N. Boutelle (2014). "Neurocognitive correlates 
of obesity and obesity-related behaviors in children and adolescents." International Journal of 
Obesity 38: 494–506. 
Loeber, S., M. Grosshans, S. Herpertz, F. Kiefer and S. C. Herpertz (2013). "Hunger 
modulates behavioral disinhibition and attention allocation to food-associated cues in normal-
weight controls." Appetite 71(0): 32-39. 
Logan, G. D., R. J. Schachar and R. Tannock (1997). "Impulsivity and inhibitory control." 
Psychological Science 8(1): 60-64. 
Lowe, M. R. and M. L. Butryn (2007). "Hedonic hunger: A new dimension of appetite?" 
Physiology & Behavior 91(4): 432-439. 
Lowe, M. R. and A. S. Levine (2005). "Eating motives and the controversy over dieting: 
Eating less than needed versus less than wanted." Obesity 13(5): 797-806. 
Luo, S., A. Romero, T. C. Adam, H. H. Hu, J. Monterosso and K. A. Page (2013). 
"Abdominal fat is associated with a greater brain reward response to high-calorie food cues in 
hispanic women." Obesity 21(10): 2029-2036. 
368 
 
Luppino, F. S., L. M. de Wit, P. F. Bouvy and et al. (2010). "Overweight, obesity, and 
depression: A systematic review and meta-analysis of longitudinal studies." Archives of 
General Psychiatry 67(3): 220-229. 
Ma, Y., E. R. Bertone, E. J. Stanek, G. W. Reed, J. R. Hebert, N. L. Cohen, P. A. Merriam 
and I. S. Ockene (2003). "Association between eating eatterns and obesity in a free-living US 
adult population." American Journal of Epidemiology 158(1): 85-92. 
Ma, Y., B. C. Olendzki, S. L. Pagoto, T. G. Hurley, R. P. Magner, I. S. Ockene, K. L. 
Schneider, P. A. Merriam and J. R. Hébert (2009). "Number of 24-Hour diet recalls needed to 
estimate energy intake." Annals of Epidemiology 19(8): 553-559. 
Maayan, L., C. Hoogendoorn, V. Sweat and A. Convit (2011). "Disinhibited eating in obese 
adolescents is associated with orbitofrontal volume reductions and executive dysfunction." 
Obesity 19(7): 1382-1387. 
Madden, C. E., S. L. Leong, A. Gray and C. C. Horwath (2012). "Eating in response to 
hunger and satiety signals is related to BMI in a nationwide sample of 1601 mid-age New 
Zealand women." Public Health Nutrition 15(12): 2272-2279. 
Maher, C. A., E. Mire, D. M. Harrington, A. E. Staiano and P. T. Katzmarzyk (2013). "The 
independent and combined associations of physical activity and sedentary behavior with 
obesity in adults: NHANES 2003-06." Obesity 21(12): E730–E737. 
Malik, S., F. McGlone, D. Bedrossian and A. Dagher (2008). "Ghrelin modulates brain 
activity in areas that control appetitive behavior." Cell Metabolism 7(5): 400-409. 
Maric, T., B. Woodside and G. N. Luheshi (2014). "The effects of dietary saturated fat on 
basal hypothalamic neuroinflammation in rats." Brain, Behavior, and Immunity 36(0): 35-45. 
Martens, M. J., J. M. Born, S. G. Lemmens, L. Karhunen, A. Heinecke, R. Goebel, T. C. 
Adam and M. S. Westerterp-Plantenga (2013). "Increased sensitivity to food cues in the 
369 
 
fasted state and decreased inhibitory control in the satiated state in the overweight." The 
American Journal of Clinical Nutrition 97(3): 471-479. 
Martin, A. A. and T. L. Davidson (2014). "Human cognitive function and the obesogenic 
environment." Physiology & Behavior(In press). 
Martin, L. E., L. M. Holsen, R. J. Chambers, A. S. Bruce, W. M. Brooks, J. R. Zarcone, M. 
G. Butler and C. R. Savage (2009). "Neural mechanisms associated with food motivation in 
obese and healthy weight adults." Obesity 18(2): 254-260. 
Martins, C., L. M. Morgan, S. R. Bloom and M. D. Robertson (2007). "Effects of exercise on 
gut peptides, energy intake and appetite." Journal of Endocrinology 193(2): 251-258. 
Martins, C., M. D. Robertson and L. M. Morgan (2008). "Effects of exercise and restrained 
eating behaviour on appetite control." Proceedings of the Nutrition Society 67(01): 28-41. 
Martins, C., H. Truby and L. M. Morgan (2007). "Short-term appetite control in response to a 
6-week exercise programme in sedentary volunteers." British Journal of Nutrition 98(04): 
834-842. 
Mattes, R. (2014). "Energy intake and obesity: Ingestive frequency outweighs portion size." 
Physiology & Behavior 134: 110–118. 
Matton, A., L. Goossens, C. Braet and M. Vervaet (2013). "Punishment and reward 
sensitivity: Are naturally occurring clusters in these traits related to eating and weight 
problems in adolescents?" European Eating Disorders Review 21(3): 184-194. 
McArdle, M. A., O. M. Finucane, R. M. Connaughton, A. M. McMorrow and H. M. Roche 
(2013). "Mechanisms of obesity induced inflammation and insulin resistance: Insights into 
the emerging role of nutritional strategies." Frontiers in Endocrinology 4. 
McAuley, E., S. P. Mullen, A. N. Szabo, S. M. White, T. R. Wójcicki, E. L. Mailey, N. P. 
Gothe, E. A. Olson, M. Voss, K. Erickson, R. Prakash and A. F. Kramer (2011). "Self-
370 
 
regulatory processes and exercise adherence in older adults: Executive function and self-
efficacy effects." American Journal of Preventive Medicine 41(3): 284-290. 
McCrory, M. A., N. C. Howarth, S. B. Roberts and T. T.-K. Huang (2011). "Eating frequency 
and energy regulation in free-living adults consuming self-selected diets." The Journal of 
Nutrition 141(1): 148-153. 
McCrory, M. A., V. M. M. Suen and S. B. Roberts (2002). "Biobehavioral influences on 
energy intake and adult weight gain." The Journal of Nutrition 132(12): 3830S-3834S. 
McFarlane, T., J. Polivy and C. P. Herman (1998). "Effects of false weight feedback on 
mood, self-evaluation, and food intake in restrained and unrestrained eaters." Journal of 
Abnormal Psychology 107(2): 312-318. 
McGuire, M. T., R. R. Wing, M. L. Klem and J. O. Hill (1999). "Behavioral strategies of 
individuals who have maintained long-term weight losses." Obesity Research 7(4): 334-341. 
McLean, J. A., S. I. Barr and J. C. Prior (2001). "Cognitive dietary restraint is associated with 
higher urinary cortisol excretion in healthy premenopausal women." The American Journal of 
Clinical Nutrition 73(1): 7-12. 
McNay, D. E. G., Brian, xE, N. on, M. V. Kokoeva, E. Maratos-Flier and J. S. Flier (2012). 
"Remodeling of the arcuate nucleus energy-balance circuit is inhibited in obese mice." The 
Journal of Clinical Investigation 122(1): 142-152. 
McPherson, K. (2014). "Reducing the global prevalence of overweight and obesity." The 
Lancet(In press). 
Mela, D. J. (2001). "Determinants of food choice: Relationships with obesity and weight 
control." Obesity 9(11S): 249S-255S. 
Meule, A. and A. Kübler (2014). "Double trouble. Trait food craving and impulsivity 
interactively predict food-cue affected behavioral inhibition." Appetite 79: 174-182. 
371 
 
Meule, A., S. Lukito, C. Vögele and A. Kübler (2011). "Enhanced behavioral inhibition in 
restrained eaters." Eating Behaviors 12(2): 152-155. 
Meule, A., A. P. C. Lutz, V. Krawietz, J. Stützer, C. Vögele and A. Kübler (2014). "Food-cue 
affected motor response inhibition and self-reported dieting success: a pictorial affective 
shifting task." Frontiers in Psychology 5. 
Meule, A., A. K. Skirde, R. Freund, C. Vögele and A. Kübler (2012). "High-calorie food-
cues impair working memory performance in high and low food cravers." Appetite 59(2): 
264-269. 
Miller, E. K. (2000). "The prefontral cortex and cognitive control." Nature Reviews 
Neuroscience 1(1): 59-65. 
Miller, R., B. Benelam, S. A. Stanner and J. L. Buttriss (2013). "Is snacking good or bad for 
health: An overview." Nutrition Bulletin 38(3): 302-322. 
Miller, W., A. Lindeman, J. Wallace and M. Niederpruem (1990). "Diet composition, energy 
intake, and exercise in relation to body fat in men and women." The American Journal of 
Clinical Nutrition 52(3): 426-430. 
Mills, S. D. H., L. M. Tanner and J. Adams (2013). "Systematic literature review of the 
effects of food and drink advertising on food and drink-related behaviour, attitudes and 
beliefs in adult populations." Obesity Reviews: n/a-n/a. 
Miyake, A., N. P. Friedman, M. J. Emerson, A. H. Witzki, A. Howerter and T. D. Wager 
(2000). "The unity and diversity of executive functions and their contributions to complex 
“frontal lobe” tasks: A latent variable analysis." Cognitive Psychology 41(1): 49-100. 
Mobbs, O., C. Crépin, C. Thiéry, A. Golay and M. Van der Linden (2010). "Obesity and the 
four facets of impulsivity." Patient Education and Counseling 79(3): 372-377. 
372 
 
Mobbs, O., K. Iglesias, A. Golay and M. Van der Linden (2011). "Cognitive deficits in obese 
persons with and without binge eating disorder. Investigation using a mental flexibility task." 
Appetite 57(1): 263-271. 
Moeller, F. G., E. S. Barratt, D. M. Dougherty, J. M. Schmitz and A. C. Swann (2001). 
"Psychiatric aspects of impulsivity." American Journal of Psychiatry 158(11): 1783-1793. 
Morgan, M. J., L. C. Impallomeni, A. Pirona and R. D. Rogers (2005). "Elevated impulsivity 
and impaired decision-making in abstinent ecstasy (MDMA) users compared to polydrug and 
drug-naive controls." Neuropsychopharmacology 31(7): 1562-1573. 
Morley, B., J. Martin, P. Niven and M. Wakefield (2012). "Public opinion on food-related 
obesity prevention policy initiatives." Health Promotion Journal of Australia 23(2): 86-91. 
Naleid, A. M., M. K. Grace, D. E. Cummings and A. S. Levine (2005). "Ghrelin induces 
feeding in the mesolimbic reward pathway between the ventral tegmental area and the 
nucleus accumbens." Peptides 26(11): 2274-2279. 
National Obesity Observatory (2013). Adult Weight. 
Nederkoorn, C. (2014). "Effects of sales promotions, weight status and impulsivity on 
purchases in a supermarket." Obesity 22(5): E2-E5. 
Nederkoorn, C., R. Guerrieri, R. C. Havermans, A. Roefs and A. Jansen (2009). "The 
interactive effect of hunger and impulsivity on food intake and purchase in a virtual 
supermarket." International Journal of Obesity 33(8): 905-912. 
Nederkoorn, C., K. Houben, W. Hofmann, A. Roefs and A. Jansen (2010). "Control yourself 
or just eat what you like? Weight gain over a year is predicted by an interactive effect of 
response inhibition and implicit preference for snack foods." Health Psychology 29(4): 389-
393. 
Nederkoorn, C., E. Jansen, S. Mulkens and A. Jansen (2007). "Impulsivity predicts treatment 
outcome in obese children." Behaviour Research and Therapy 45(5): 1071-1075. 
373 
 
Nederkoorn, C., F. T. Y. Smulders, R. C. Havermans, A. Roefs and A. Jansen (2006). 
"Impulsivity in obese women." Appetite 47(2): 253-256. 
Neeper, S. A., F. Gomez-Pinilla, J. Choi and C. W. Cotman (1996). "Physical activity 
increases mRNA for brain-derived neurotrophic factor and nerve growth factor in rat brain." 
Brain Research 726(1-2): 49-56. 
Nelson, K. M., R. L. Weinsier, C. L. Long and Y. Schutz (1992). "Prediction of resting 
energy expenditure from fat-free mass and fat mass." The American Journal of Clinical 
Nutrition 56(5): 848-856. 
Neumark-Sztainer, D., N. E. Sherwood, S. A. French and R. W. Jeffery (1999). "Weight 
control behaviors among adult men and women: cause for concern?" Obesity Research 7(2): 
179-188. 
Ng, J., E. Stice, S. Yokum and C. Bohon (2011). "An fMRI study of obesity, food reward, 
and perceived caloric density. Does a low-fat label make food less appealing?" Appetite 
57(1): 65-72. 
Ng, M., T. Fleming, M. Robinson, B. Thomson, N. Graetz, C. Margono, E. C. Mullany, S. 
Biryukov, C. Abbafati, S. F. Abera, J. P. Abraham, N. M. E. Abu-Rmeileh, T. Achoki, F. S. 
AlBuhairan, Z. A. Alemu, R. Alfonso, M. K. Ali, R. Ali, N. A. Guzman, W. Ammar, P. 
Anwari, A. Banerjee, S. Barquera, S. Basu, D. A. Bennett, Z. Bhutta, J. Blore, N. Cabral, I. 
C. Nonato, J.-C. Chang, R. Chowdhury, K. J. Courville, M. H. Criqui, D. K. Cundiff, K. C. 
Dabhadkar, L. Dandona, A. Davis, A. Dayama, S. D. Dharmaratne, E. L. Ding, A. M. 
Durrani, A. Esteghamati, F. Farzadfar, D. F. J. Fay, V. L. Feigin, A. Flaxman, M. H. 
Forouzanfar, A. Goto, M. A. Green, R. Gupta, N. Hafezi-Nejad, G. J. Hankey, H. C. 
Harewood, R. Havmoeller, S. Hay, L. Hernandez, A. Husseini, B. T. Idrisov, N. Ikeda, F. 
Islami, E. Jahangir, S. K. Jassal, S. H. Jee, M. Jeffreys, J. B. Jonas, E. K. Kabagambe, S. E. 
A. H. Khalifa, A. P. Kengne, Y. S. Khader, Y.-H. Khang, D. Kim, R. W. Kimokoti, J. M. 
374 
 
Kinge, Y. Kokubo, S. Kosen, G. Kwan, T. Lai, M. Leinsalu, Y. Li, X. Liang, S. Liu, G. 
Logroscino, P. A. Lotufo, Y. Lu, J. Ma, N. K. Mainoo, G. A. Mensah, T. R. Merriman, A. H. 
Mokdad, J. Moschandreas, M. Naghavi, A. Naheed, D. Nand, K. M. V. Narayan, E. L. 
Nelson, M. L. Neuhouser, M. I. Nisar, T. Ohkubo, S. O. Oti, A. Pedroza, D. Prabhakaran, N. 
Roy, U. Sampson, H. Seo, S. G. Sepanlou, K. Shibuya, R. Shiri, I. Shiue, G. M. Singh, J. A. 
Singh, V. Skirbekk, N. J. C. Stapelberg, L. Sturua, B. L. Sykes, M. Tobias, B. X. Tran, L. 
Trasande, H. Toyoshima, S. van de Vijver, T. J. Vasankari, J. L. Veerman, G. Velasquez-
Melendez, V. V. Vlassov, S. E. Vollset, T. Vos, C. Wang, S. X. Wang, E. Weiderpass, A. 
Werdecker, J. L. Wright, Y. C. Yang, H. Yatsuya, J. Yoon, S.-J. Yoon, Y. Zhao, M. Zhou, S. 
Zhu, A. D. Lopez, C. J. L. Murray and E. Gakidou (2014). "Global, regional, and national 
prevalence of overweight and obesity in children and adults during 1980–2013: a systematic 
analysis for the Global Burden of Disease Study 2013." The Lancet(In press). 
Oldham-Cooper, R. E., C. A. Hardman, C. E. Nicoll, P. J. Rogers and J. M. Brunstrom 
(2011). "Playing a computer game during lunch affects fullness, memory for lunch, and later 
snack intake." The American Journal of Clinical Nutrition 93(2): 308-313. 
Olshansky, S. J., D. J. Passaro, R. C. Hershow, J. Layden, B. A. Carnes, J. Brody, L. 
Hayflick, R. N. Butler, D. B. Allison and D. S. Ludwig (2005). "A potential decline in life 
expectancy in the United States in the 21st century." New England Journal of Medicine 
352(11): 1138-1145. 
Olszewski, P. K., J. Alsiö, H. B. Schiöth and A. S. Levine (2011). "Opioids as facilitators of 
feeding: Can any food be rewarding?" Physiology & Behavior 104(1): 105-110. 
Organisation for Economic Co-operation and Development (2011). Obesity, percentage of 
females, males and adult population with a BMI>30 kg/m2, based on measures of height and 
weight. 
375 
 
Ouwens, M. A., T. van Strien and C. P. F. van der Staak (2003). "Tendency toward 
overeating and restraint as predictors of food consumption." Appetite 40(3): 291-298. 
Overduin, J., D. P. Figlewicz, J. Bennett-Jay, S. Kittleson and D. E. Cummings (2012). 
"Ghrelin increases the motivation to eat, but does not alter food palatability." American 
Journal of Physiology - Regulatory, Integrative and Comparative Physiology 303(3): R259-
R269. 
Overman, W. H. and A. Pierce (2013). "Iowa Gambling Task with non-clinical participants: 
Effects of using real + virtual cards and additional trials." Frontiers in Psychology 4. 
Owen, A. M., K. M. McMillan, A. R. Laird and E. Bullmore (2005). "N-back working 
memory paradigm: A meta-analysis of normative functional neuroimaging studies." Human 
Brain Mapping 25(1): 46-59. 
Padilla, C., L. Pérez and P. Andres (2014). "Chronic exercise keeps working memory and 
inhibitory capacities fit." Frontiers in Behavioral Neuroscience 8. 
Page, K. A., D. Seo, R. Belfort-DeAguiar, C. Lacadie, J. Dzuira, S. Naik, S. Amarnath, R. T. 
Constable, R. S. Sherwin and R. Sinha (2011). "Circulating glucose levels modulate neural 
control of desire for high-calorie foods in humans." The Journal of Clinical Investigation 
121(10): 4161-4169. 
Pagoto, S. L., B. Spring, J. W. Cook, D. McChargue and K. Schneider (2006). "High BMI 
and reduced engagement and enjoyment of pleasant events." Personality and Individual 
Differences 40(7): 1421-1431. 
Pannacciulli, N., A. Del Parigi, K. Chen, D. S. N. T. Le, E. M. Reiman and P. A. Tataranni 
(2006). "Brain abnormalities in human obesity: A voxel-based morphometric study." 
NeuroImage 31(4): 1419-1425. 
376 
 
Parent, M. B., J. N. Darling and Y. O. Henderson (2014). "Remembering to eat: hippocampal 
regulation of meal onset." American Journal of Physiology - Regulatory, Integrative and 
Comparative Physiology 306(10): R701-R713. 
Patton, J. H., M. S. Stanford and E. S. Barratt (1995). "Factor structure of the Barratt 
Impulsiveness Scale." Journal of Clinical Psychology 51(6): 768-774. 
Pedersen, M., K. K. Pedersen, H. Bruunsgaard, K. S. Krabbe, C. Thomsen, K. Færch, B. K. 
Pedersen and E. L. Mortensen (2012). "Cognitive functions in middle aged individuals are 
related to metabolic disturbances and aerobic capacity: A cross-sectional study." PLoS ONE 
7(12): e51132. 
Peñas-Lledó, E. M., K. L. Loeb, R. Puerto, T. B. Hildebrandt and A. Llerena (2008). 
"Subtyping undergraduate women along dietary restraint and negative affect." Appetite 
51(3): 727-730. 
Perales, J. C., A. Verdejo-García, M. Moya, Ó. Lozano and M. Pérez-García (2009). "Bright 
and dark sides of impulsivity: Performance of women with high and low trait impulsivity on 
neuropsychological tasks." Journal of Clinical and Experimental Neuropsychology 31(8): 
927-944. 
Phelan, S., J. Hassenstab, J. M. McCaffery, L. Sweet, H. A. Raynor, R. A. Cohen and R. R. 
Wing (2011). "Cognitive interference from food cues in weight loss maintainers, normal 
weight, and obese individuals." Obesity 19(1): 69-73. 
Phelan, S., T. Liu, A. Gorin, M. Lowe, J. Hogan, J. Fava and R. Wing (2009). "What 
distinguishes weight-loss maintainers from the treatment-seeking obese? Analysis of 
environmental, behavioral, and psychosocial variables in diverse populations." Annals of 
Behavioral Medicine 38(2): 94-104. 
Piernas, C. and B. M. Popkin (2011). "Increased portion sizes from energy-dense foods affect 
total energy intake at eating occasions in US children and adolescents: patterns and trends by 
377 
 
age group and sociodemographic characteristics, 1977–2006." The American Journal of 
Clinical Nutrition 94(5): 1324-1332. 
Pignatti, R., L. Bertella, G. Albani, A. Mauro, E. Molinari and C. Semenza (2006). 
"Decision-making in obesity: a study using the Gambling Task." Eating and Weight 
Disorders 11(3): 126-132. 
Polivy, J., C. P. Herman and R. Deo (2010). "Getting a bigger slice of the pie. Effects on 
eating and emotion in restrained and unrestrained eaters." Appetite 55(3): 426-430. 
Powell, J. H., S. al-Adawi, J. Morgan and R. J. Greenwood (1996). "Motivational deficits 
after brain injury: effects of bromocriptine in 11 patients." Journal of Neurology, 
Neurosurgery & Psychiatry 60(4): 416-421. 
Provencher, V., J. Polivy and C. P. Herman (2009). "Perceived healthiness of food. If it's 
healthy, you can eat more!" Appetite 52(2): 340-344. 
Raji, C. A., A. J. Ho, N. N. Parikshak, J. T. Becker, O. L. Lopez, L. H. Kuller, X. Hua, A. D. 
Leow, A. W. Toga and P. M. Thompson (2010). "Brain structure and obesity." Human Brain 
Mapping 31(3): 353-364. 
Rasmussen, E. B., S. R. Lawyer and W. Reilly (2010). "Percent body fat is related to delay 
and probability discounting for food in humans." Behavioural Processes 83(1): 23-30. 
Redden, J. P. and K. L. Haws (2013). "Healthy satiation: The role of decreasing desire in 
effective self-control." Journal of Consumer Research 39(5): 1100-1114. 
Redman, L. M., L. K. Heilbronn, C. K. Martin, L. de Jonge, D. A. Williamson, J. P. Delany 
and E. Ravussin (2009). "Metabolic and behavioral compensations in response to caloric 
restriction: implications for the maintenance of weight loss." PLoS One 4(2): e4377. 
Renehan, A. G., M. Tyson, M. Egger, R. F. Heller and M. Zwahlen (2008). "Body-mass 
index and incidence of cancer: a systematic review and meta-analysis of prospective 
observational studies." The Lancet 371(9612): 569-578. 
378 
 
Reynolds, B., A. Ortengren, J. B. Richards and H. de Wit (2006). "Dimensions of impulsive 
behavior: Personality and behavioral measures." Personality and Individual Differences 
40(2): 305-315. 
Rideout, C. A. and S. I. Barr (2009). "“Restrained eating” vs “Trying to lose weight”: How 
are they associated with body weight and tendency to overeat among postmenopausal 
women?" Journal of the American Dietetic Association 109(5): 890-893. 
Riggs, N. R., D. Spruijt-Metz, K.-L. Sakuma, C.-P. Chou and M. A. Pentz (2010). "Executive 
cognitive function and food intake in children." Journal of Nutrition Education and Behavior 
42(6): 398-403. 
Rissanen, A., P. Hakala, L. Lissner, C.-E. Mattlar, M. Koskenvuo and T. Rönnemaa (2002). 
"Acquired preference especially for dietary fat and obesity: A study of weight-discordant 
monozygotic twin pairs." International Journal of Obesity 26(7): 973-977. 
Roberts, M. E., L. Demetriou, J. L. Treasure and K. Tchanturia (2007). "Neuropsychological 
profile in the overweight population: an exploratory study of set-shifting and central 
coherence." Therapy 4(6): 821-824. 
Robinson, E., P. Aveyard, A. Daley, K. Jolly, A. Lewis, D. Lycett and S. Higgs (2013). 
"Eating attentively: a systematic review and meta-analysis of the effect of food intake 
memory and awareness on eating." The American Journal of Clinical Nutrition 97(4): 728-
742. 
Robinson, E., I. Kersbergen and S. Higgs (2014). "Eating ‘attentively’ reduces later energy 
consumption in overweight and obese females." British Journal of Nutrition FirstView: 1-5. 
Roig, M., S. Nordbrandt, S. S. Geertsen and J. B. Nielsen (2013). "The effects of 
cardiovascular exercise on human memory: A review with meta-analysis." Neuroscience & 
Biobehavioral Reviews 37(8): 1645-1666. 
379 
 
Rollins, B. Y., K. K. Dearing and L. H. Epstein (2010). "Delay discounting moderates the 
effect of food reinforcement on energy intake among non-obese women." Appetite 55(3): 
420-425. 
Rollins, B. Y., E. Loken, J. S. Savage and L. L. Birch (2014). "Measurement of food 
reinforcement in preschool children. Associations with food intake, BMI, and reward 
sensitivity." Appetite 72(0): 21-27. 
Rolls, B. J., E. A. Bell, V. H. Castellanos, M. Chow, C. L. Pelkman and M. L. Thorwart 
(1999). "Energy density but not fat content of foods affected energy intake in lean and obese 
women." The American Journal of Clinical Nutrition 69(5): 863-871. 
Rolls, B. J., I. C. Fedoroff and J. F. Guthrie (1991). "Gender differences in eating behavior 
and body weight regulation." Health Psychology 10(2): 133-142. 
Rolls, E. T. (2011). "Taste, olfactory and food texture reward processing in the brain and 
obesity." International Journal of Obesity 35(4): 550-561. 
Ronit, K. and J. D. Jensen (2014). "Obesity and industry self-regulation of food and beverage 
marketing: a literature review." European Journal of Clinical Nutrition 68(7): 753-759. 
Rosenbaum, M., H. R. Kissileff, L. E. S. Mayer, J. Hirsch and R. L. Leibel (2010). "Energy 
intake in weight-reduced humans." Brain Research 1350(0): 95-102. 
Rothemund, Y., C. Preuschhof, G. Bohner, H.-C. Bauknecht, R. Klingebiel, H. Flor and B. F. 
Klapp (2007). "Differential activation of the dorsal striatum by high-calorie visual food 
stimuli in obese individuals." NeuroImage 37(2): 410-421. 
Rubia, K., T. Russell, S. Overmeyer, M. J. Brammer, E. T. Bullmore, T. Sharma, A. 
Simmons, S. C. R. Williams, V. Giampietro, C. M. Andrew and E. Taylor (2001). "Mapping 
motor inhibition: Conjunctive brain activations across different versions of Go/No-Go and 
Stop tasks." NeuroImage 13(2): 250-261. 
380 
 
Saelens, B. E. and L. H. Epstein (1996). "Reinforcing value of food in obese and non-obese 
women." Appetite 27(1): 41-50. 
Samjoo, I. A., A. Safdar, M. J. Hamadeh, S. Raha and M. A. Tarnopolsky (2013). "The effect 
of endurance exercise on both skeletal muscle and systemic oxidative stress in previously 
sedentary obese men." Nutrition & Diabetes 3: e88. 
Sarlio-Lahteenkorva, S., A. Rissanen and J. Kaprio (2000). "A descriptive study of weight 
loss maintenance: 6 and 15 year follow-up of initially overweight adults." International 
Journal of Obesity and Related Metabolic Disorders 24(1): 116-125. 
Savage, J. S., L. Hoffman and L. L. Birch (2009). "Dieting, restraint, and disinhibition predict 
women's weight change over 6 y." The American Journal of Clinical Nutrition 90(1): 33-40. 
Schag, K., J. Schönleber, M. Teufel, S. Zipfel and K. E. Giel (2013). "Food-related 
impulsivity in obesity and Binge Eating Disorder – a systematic review." Obesity Reviews 
14(6): 477-495. 
Scheibehenne, B., L. Miesler and P. M. Todd (2007). "Fast and frugal food choices: 
Uncovering individual decision heuristics." Appetite 49(3): 578-589. 
Scherwitz, L. and D. Kesten (2005). "Seven eating styles linked to overeating, overweight, 
and obesity." EXPLORE: The Journal of Science and Healing 1(5): 342-359. 
Schroder, K. E. E. and R. Schwarzer (2005). "Habitual self-control and the management of 
health behavior among heart patients." Social Science & Medicine 60(4): 859-875. 
Schultes, B., B. Ernst, B. Wilms, M. Thurnheer and M. Hallschmid (2010). "Hedonic hunger 
is increased in severely obese patients and is reduced after gastric bypass surgery." The 
American Journal of Clinical Nutrition 92(2): 277-283. 
Schwartz, A., J. L. Kuk, G. Lamothe and É. Doucet (2012). "Greater than predicted decrease 
in resting energy expenditure and weight loss: Results from a systematic review." Obesity 
20(11): 2307-2310. 
381 
 
Schwartz, M. W., S. C. Woods, R. J. Seeley, G. S. Barsh, D. G. Baskin and R. L. Leibel 
(2003). "Is the energy homeostasis system inherently biased toward weight gain?" Diabetes 
52(2): 232-238. 
Seligman, M. E. P. and M. Csikszentmihalyi (2000). "Positive psychology: An introduction." 
American Psychologist 55(1): 5-14. 
Shamosh, N. A., C. G. DeYoung, A. E. Green, D. L. Reis, M. R. Johnson, A. R. A. Conway, 
R. W. Engle, T. S. Braver and J. R. Gray (2008). "Individual differences in delay 
discounting." Psychological Science 19(9): 904-911. 
Sharma, L., K. E. Markon and L. A. Clark (2013). "Toward a theory of distinct types of 
“impulsive” behaviors: A meta-analysis of self-report and behavioral measures." 
Psychological Bulletin: (0). 
Sharma, L., K. E. Markon and L. A. Clark (2014). "Toward a theory of distinct types of 
“impulsive” behaviors: A meta-analysis of self-report and behavioral measures." 
Psychological Bulletin 140(2): 374-408. 
Sharma, S. and S. Fulton (2013). "Diet-induced obesity promotes depressive-like behaviour 
that is associated with neural adaptations in brain reward circuitry." International Journal of 
Obesity 37(3): 382-389. 
Shelley, J. J. (2012). "Addressing the policy cacophony does not require more evidence: an 
argument for reframing obesity as caloric overconsumption." BMC Public Health 12(1): 
1042. 
Sheppard-Sawyer, C. L., R. J. McNally and J. H. Fischer (2000). "Film-induced sadness as a 
trigger for disinhibited eating." International Journal of Eating Disorders 28(2): 215-220. 
Shimizu, M. and B. Wansink (2011). "Watching food-related television increases caloric 
intake in restrained eaters." Appetite 57(3): 661-664. 
382 
 
Shrewsbury, V., K. Robb, C. Power and J. Wardle (2009). "Socioeconomic differences in 
weight retention, weight-related attitudes and practices in postpartum women." Maternal & 
Child Health Journal 13(2): 231-240. 
Siep, N., A. Roefs, A. Roebroeck, R. Havermans, M. L. Bonte and A. Jansen (2009). 
"Hunger is the best spice: An fMRI study of the effects of attention, hunger and calorie 
content on food reward processing in the amygdala and orbitofrontal cortex." Behavioural 
Brain Research 198(1): 149-158. 
Siervo, M., R. Arnold, J. C. K. Wells, A. Tagliabue, A. Colantuoni, E. Albanese, C. Brayne 
and B. C. M. Stephan (2011). "Intentional weight loss in overweight and obese individuals 
and cognitive function: a systematic review and meta-analysis." Obesity Reviews 12(11): 
968-983. 
Small, D. M. (2009). "Individual differences in the neurophysiology of reward and the 
obesity epidemic." International Journal of Obesity 33(SUPPL. 2): S44-S48. 
Smith, E., P. Hay, L. Campbell and J. N. Trollor (2011). "A review of the association 
between obesity and cognitive function across the lifespan: implications for novel approaches 
to prevention and treatment." Obesity Reviews 12(9): 740-755. 
Smith, P. J., J. A. Blumenthal, M. A. Babyak, L. Craighead, K. A. Welsh-Bohmer, J. N. 
Browndyke, T. A. Strauman and A. Sherwood (2010). "Effects of the dietary approaches to 
stop hypertension diet, exercise, and caloric restriction on neurocognition in overweight 
adults with high blood pressure." Hypertension 55(6): 1331-1338. 
Souza, C. G., J. D. Moreira, I. R. Siqueira, A. G. Pereira, D. K. Rieger, D. O. Souza, T. M. 
Souza, L. V. Portela and M. L. S. Perry (2007). "Highly palatable diet consumption increases 
protein oxidation in rat frontal cortex and anxiety-like behavior." Life Sciences 81(3): 198-
203. 
383 
 
Speakman, J. R., D. A. Levitsky, D. B. Allison, M. S. Bray, J. M. de Castro, D. J. Clegg, J. C. 
Clapham, A. G. Dulloo, L. Gruer, S. Haw, J. Hebebrand, M. M. Hetherington, S. Higgs, S. A. 
Jebb, R. J. F. Loos, S. Luckman, A. Luke, V. Mohammed-Ali, S. O’Rahilly, M. Pereira, L. 
Perusse, T. N. Robinson, B. Rolls, M. E. Symonds and M. S. Westerterp-Plantenga (2011). 
"Set points, settling points and some alternative models: theoretical options to understand 
how genes and environments combine to regulate body adiposity." Disease Models & 
Mechanisms 4(6): 733-745. 
Spetter, M. S., C. de Graaf, M. A. Viergever and P. A. M. Smeets (2012). "Anterior cingulate 
taste activation predicts ad libitum intake of sweet and savory drinks in healthy, normal-
weight men." The Journal of Nutrition 142(4): 795-802. 
Stanek, K. M., G. Strain, M. Devlin, R. Cohen, R. Paul, R. D. Crosby, J. E. Mitchell and J. 
Gunstad (2013). "Body mass index and neurocognitive functioning across the adult lifespan." 
Neuropsychology 27(2): 141-151. 
Stanford, M. S., C. W. Mathias, D. M. Dougherty, S. L. Lake, N. E. Anderson and J. H. 
Patton (2009). "Fifty years of the Barratt Impulsiveness Scale: An update and review." 
Personality and Individual Differences 47(5): 385-395. 
Stephens, D. N., T. Duka, H. S. Crombag, C. L. Cunningham, M. Heilig and J. C. Crabbe 
(2010). "Reward sensitivity: issues of measurement, and achieving consilience between 
human and animal phenotypes." Addiction Biology 15(2): 145-168. 
Stice, E., S. Spoor, C. Bohon, M. G. Veldhuizen and D. M. Small (2008). "Relation of reward 
from food intake and anticipated food intake to obesity: A functional magnetic resonance 
imaging study." Journal of Abnormal Psychology 117(4): 924-935. 
Stice, E., S. Spoor, J. Ng and D. H. Zald (2009). "Relation of obesity to consummatory and 
anticipatory food reward." Physiology & Behavior 97(5): 551-560. 
384 
 
Stice, E., S. Yokum, C. Bohon, N. Marti and A. Smolen (2010). "Reward circuitry 
responsivity to food predicts future increases in body mass: Moderating effects of DRD2 and 
DRD4." NeuroImage 50(4): 1618-1625. 
Stice, E., S. Yokum, K. S. Burger, L. H. Epstein and D. M. Small (2011). "Youth at risk for 
obesity show greater activation of striatal and somatosensory regions to food." The Journal of 
Neuroscience 31(12): 4360-4366. 
Stingl, K. T., S. Kullmann, C. Ketterer, M. Heni, H.-U. Häring, A. Fritsche and H. Preissl 
(2012). "Neuronal correlates of reduced memory performance in overweight subjects." 
NeuroImage 60(1): 362-369. 
Stoeckel, L. E., R. E. Weller, E. W. Cook, D. B. Twieg, R. C. Knowlton and J. E. Cox 
(2008). "Widespread reward-system activation in obese women in response to pictures of 
high-calorie foods." NeuroImage 41(2): 636-647. 
Stroebele, N. and J. M. de Castro (2006). "Listening to music while eating is related to 
increases in people's food intake and meal duration." Appetite 47(3): 285-289. 
Stroth, S., K. Hille, M. Spitzer and R. Reinhardt (2009). "Aerobic endurance exercise benefits 
memory and affect in young adults." Neuropsychological Rehabilitation 19(2): 223-243. 
Stubbs, J. R., L. M. O'Reilly, S. Whybrow, Z. Fuller, A. M. Johnstone, M. B. E. Livingstone, 
P. Ritz and G. W. Horgan (2014). "Measuring the difference between actual and reported 
food intakes in the context of energy balance under laboratory conditions." British Journal of 
Nutrition FirstView: 1-12. 
Stubbs, J. R., P. Ritz, W. A. Coward and A. M. Prentice (1995). "Covert manipulation of the 
ratio of dietary fat to carbohydrate and energy density: effect on food intake and energy 
balance in free-living men eating ad libitum." The American Journal of Clinical Nutrition 
62(2): 330-337. 
385 
 
Stubbs, J. R., A. Sepp, D. A. Hughes, A. M. Johnstone, N. A. King, G. Horgan and J. E. 
Blundell (2002). "The effect of graded levels of exercise on energy intake and balance in 
free-living women." International Journal of Obesity and Related Metabolic Disorders 26(6): 
866-869. 
Stunkard, A. J. and S. Messick (1985). "The three-factor eating questionnaire to measure 
dietary restraint, disinhibition and hunger." Journal of Psychosomatic Research 29(1): 71-83. 
Sullivan, S., C. R. Cloninger, T. R. Przybeck and S. Klein (2007). "Personality characteristics 
in obesity and relationship with successful weight loss." International Journal of Obesity 
31(4): 669-674. 
Sutin, A. R., P. T. Costa, W. Chan, Y. Milaneschi, W. W. Eaton, A. B. Zonderman, L. 
Ferrucci and A. Terracciano (2013). "I know not to, but I can’t help it: Weight gain and 
changes in impulsivity-related personality traits." Psychological Science 24(7): 1323-1328. 
Sweet, L. H., J. J. Hassenstab, J. M. McCaffery, H. A. Raynor, D. S. Bond, K. E. Demos, A. 
P. Haley, R. A. Cohen, A. D. Parigi and R. R. Wing (2012). "Brain response to food 
stimulation in obese, normal weight, and successful weight loss maintainers." Obesity 20(11): 
2220-2225. 
Swinburn, B. A., G. Sacks, K. D. Hall, K. McPherson, D. T. Finegood, M. L. Moodie and S. 
L. Gortmaker (2011). "The global obesity pandemic: shaped by global drivers and local 
environments." The Lancet 378(9793): 804-814. 
Swinburn, B. A., G. Sacks, S. K. Lo, K. R. Westerterp, E. C. Rush, M. Rosenbaum, A. Luke, 
D. A. Schoeller, J. P. DeLany, N. F. Butte and E. Ravussin (2009). "Estimating the changes 
in energy flux that characterize the rise in obesity prevalence." The American Journal of 
Clinical Nutrition 89(6): 1723-1728. 
Swing, E. L., D. A. Gentile, C. A. Anderson and D. A. Walsh (2010). "Television and video 
game exposure and the development of attention problems." Pediatrics 126(2): 214-221. 
386 
 
Sysko, R., B. T. Walsh, J. Schebendach and G. T. Wilson (2005). "Eating behavior among 
women with anorexia nervosa." The American Journal of Clinical Nutrition 82(2): 296-301. 
Szabo, A. N., E. McAuley, K. I. Erickson, M. Voss, R. S. Prakash, E. L. Mailey, T. R. 
Wójcicki, S. M. White, N. Gothe, E. A. Olson and A. F. Kramer (2011). "Cardiorespiratory 
fitness, hippocampal volume, and frequency of forgetting in older adults." Neuropsychology 
25(5): 545-553. 
Tangney, J. P., R. F. Baumeister and A. L. Boone (2004). "High self-control predicts good 
adjustment, less pathology, better grades, and interpersonal success." Journal of Personality 
72(2): 271-324. 
Tanji, J. and E. Hoshi (2001). "Behavioral planning in the prefrontal cortex." Current Opinion 
in Neurobiology 11(2): 164-170. 
Tanji, J. and E. Hoshi (2008). "Role of the lateral prefrontal cortex in executive behavioral 
control." Physiological Reviews 88(1): 37-57. 
Teixeira, P. J., M. N. Silva, S. R. Coutinho, A. L. Palmeira, J. Mata, P. N. Vieira, E. V. 
Carraca, T. C. Santos and L. B. Sardinha (2010). "Mediators of weight loss and weight loss 
maintenance in middle-aged women." Obesity 18(4): 725-735. 
Temple, J. L., A. M. Bulkley, R. L. Badawy, N. Krause, S. McCann and L. H. Epstein 
(2009). "Differential effects of daily snack food intake on the reinforcing value of food in 
obese and nonobese women." The American Journal of Clinical Nutrition 90(2): 304-313. 
Temple, J. L., C. M. Legierski, A. M. Giacomelli, S.-J. Salvy and L. H. Epstein (2008). 
"Overweight children find food more reinforcing and consume more energy than do 
nonoverweight children." The American Journal of Clinical Nutrition 87(5): 1121-1127. 
Tetley, A. C., J. M. Brunstrom and P. L. Griffiths (2010). "The role of sensitivity to reward 
and impulsivity in food-cue reactivity." Eating Behaviors 11(3): 138-143. 
387 
 
Torrubia, R., C. Ávila, J. Moltó and X. Caseras (2001). "The Sensitivity to Punishment and 
Sensitivity to Reward Questionnaire (SPSRQ) as a measure of Gray's anxiety and impulsivity 
dimensions." Personality and Individual Differences 31(6): 837-862. 
Tremblay, A. and J.-P. Chaput (2009). "Adaptive reduction in thermogenesis and resistance 
to lose fat in obese men." British Journal of Nutrition 102(04): 488-492. 
Tremblay, M. S. and J. D. Williams (2003). "Is the Canadian childhood obesity epidemic 
related to physical inactivity?" International Journal of Obesity and Related Metabolic 
Disorders 27(9): 1100-1105. 
Trollor, J., E. Smith, E. Agars, S. Kuan, B. Baune, L. Campbell, K. Samaras, J. Crawford, O. 
Lux, N. Kochan, H. Brodaty and P. Sachdev (2012). "The association between systemic 
inflammation and cognitive performance in the elderly: the Sydney Memory and Ageing 
Study." AGE 34(5): 1295-1308. 
Trope, Y. and A. Fishbach (2000). "Counteractive self-control in overcoming temptation." 
Journal of Personality and Social Psychology 79(4): 493-506. 
Tuomisto, T., M. T. Tuomisto, M. Hetherington and R. Lappalainen (1998). "Reasons for 
initiation and cessation of eating in obese men and women and the affective consequences of 
eating in everyday situations." Appetite 30(2): 211-222. 
Vainik, U., A. Dagher, L. Dubé and L. K. Fellows (2013). "Neurobehavioural correlates of 
body mass index and eating behaviours in adults: A systematic review." Neuroscience & 
Biobehavioral Reviews 37(3): 279-299. 
Val-Laillet, D., S. Layec, S. Guerin, P. Meurice and C.-H. Malbert (2011). "Changes in brain 
activity after a diet-induced obesity." Obesity 19(4): 749-756. 
van den Berg, L., K. Pieterse, J. A. Malik, M. Luman, K. Willems van Dijk, J. Oosterlaan and 
H. A. Delemarre-van de Waal (2011). "Association between impulsivity, reward 
388 
 
responsiveness and body mass index in children." International Journal of Obesity 35(10): 
1301-1307. 
van den Bos, R., B. B. Houx and B. M. Spruijt (2006). "The effect of reward magnitude 
differences on choosing disadvantageous decks in the Iowa Gambling Task." Biological 
Psychology 71(2): 155-161. 
van Strien, T., J. E. R. Frijters, G. P. A. Bergers and P. B. Defares (1986). "The Dutch Eating 
Behavior Questionnaire (DEBQ) for assessment of restrained, emotional, and external eating 
behavior." International Journal of Eating Disorders 5(2): 295-315. 
van Strien, T., C. P. Herman and M. W. Verheijden (2014). "Dietary restraint and body mass 
change. A 3-year follow up study in a representative Dutch sample." Appetite 76(0): 44-49. 
van Strien, T., C. Peter Herman and D. Anschutz (2012). "The predictive validity of the 
DEBQ-external eating scale for eating in response to food commercials while watching 
television." International Journal of Eating Disorders 45(2): 257-262. 
van Strien, T., F. A. van de Laar, J. F. J. van Leeuwe, P. L. B. J. Lucassen, H. J. M. van den 
Hoogen, G. E. H. M. Rutten and C. van Weel (2007). "The dieting dilemma in patients with 
newly diagnosed type 2 diabetes: Does dietary restraint predict weight gain 4 years after 
diagnosis?" Health Psychology 26(1): 105-112. 
van Zessen, R., G. van der Plasse and R. A. H. Adan (2012). "Contribution of the mesolimbic 
dopamine system in mediating the effects of leptin and ghrelin on feeding." Proceedings of 
the Nutrition Society 71(04): 435-445. 
VanWormer, J. J., A. M. Martinez, B. C. Martinson, A. L. Crain, G. A. Benson, D. L. 
Cosentino and N. P. Pronk (2009). "Self-weighing promotes weight loss for obese adults." 
American Journal of Preventive Medicine 36(1): 70-73. 
Verbeken, S., C. Braet, J. Lammertyn, L. Goossens and E. Moens (2011). "How is reward 
sensitivity related to bodyweight in children?" Appetite 58(2): 478-483. 
389 
 
Verbruggen, F., R. C. Adams, F. van ‘t Wout, T. Stevens, I. P. L. McLaren and C. D. 
Chambers (2013). "Are the effects of response inhibition on gambling long-lasting?" PLoS 
ONE 8(7): e70155. 
Verdejo-Garcia, A., M. Perez-Exposito, J. Schmidt-Rio-Valle, M. J. Fernandez-Serrano, F. 
Cruz, M. Perez-Garcia, G. Lopez-Belmonte, M. Martin-Matillas, J. A. Martin-Lagos, A. 
Marcos and C. Campoy (2010). "Selective alterations within executive functions in 
adolescents with excess weight." Obesity 18(8): 1572-1578. 
Verhoef, S. P. M., S. G. J. A. Camps, F. G. Bouwman, E. C. M. Mariman and K. R. 
Westerterp (2014). "Genetic predisposition, dietary restraint and disinhibition in relation to 
short and long-term weight loss." Physiology & Behavior 128(0): 247-251. 
Viskaal-van Dongen, M., F. J. Kok and C. de Graaf (2011). "Eating rate of commonly 
consumed foods promotes food and energy intake." Appetite 56(1): 25-31. 
Voelcker-Rehage, C. and C. Windisch (2013). "Structural and functional brain changes 
related to different types of physical activity across the lifespan." Neuroscience & 
Biobehavioral Reviews 37(9): 2268-2295. 
Volkow, N. D., J. S. Fowler, G. J. Wang, R. Baler and F. Telang (2009). "Imaging 
dopamine's role in drug abuse and addiction." Neuropharmacology 56 Suppl 1: 3-8. 
Volkow, N. D., G.-J. Wang, F. Telang, J. S. Fowler, R. Z. Goldstein, N. Alia-Klein, J. Logan, 
C. Wong, P. K. Thanos, Y. Ma and K. Pradhan (2008). "Inverse association between BMI 
and prefrontal metabolic activity in healthy adults." Obesity 17(1): 60-65. 
Voss, M. W., R. S. Prakash, K. I. Erickson, C. Basak, L. Chaddock, J. S. Kim, H. Alves, S. 
Heo, A. Szabo, S. M. White, T. R. Wojcicki, E. L. Mailey, N. Gothe, E. A. Olson, E. 
McAuley and A. F. Kramer (2010). "Plasticity of brain networks in a randomized 
intervention trial of exercise training in older adults." Frontiers in Aging Neuroscience 2(32): 
1-17. 
390 
 
Waldstein, S. R. and L. I. Katzel (2006). "Interactive relations of central versus total obesity 
and blood pressure to cognitive function." International Journal of Obesity 30(1): 201-207. 
Wallace, D. L., E. Aarts, L. C. Dang, S. M. Greer, W. J. Jagust and M. D′Esposito (2014). 
"Dorsal striatal dopamine, food preference and health perception in humans." PLoS ONE 
9(5): e96319. 
Wallis, D. J. and M. M. Hetherington (2009). "Emotions and eating. Self-reported and 
experimentally induced changes in food intake under stress." Appetite 52(2): 355-362. 
Walther, K., A. C. Birdsill, E. L. Glisky and L. Ryan (2010). "Structural brain differences and 
cognitive functioning related to body mass index in older females." Human Brain Mapping 
31(7): 1052-1064. 
Wang, G.-J., N. D. Volkow, J. Logan, N. R. Pappas, C. T. Wong, W. Zhu, N. Netusll and J. 
S. Fowler (2001). "Brain dopamine and obesity." The Lancet 357(9253): 354-357. 
Wansink, B. and A. S. Hanks (2013). "Slim by design: Serving healthy foods first in buffet 
lines improves overall meal selection." PLoS ONE 8(10): e77055. 
Wansink, B. and J. Kim (2005). "Bad popcorn in big buckets: Portion size can influence 
intake as much as taste." Journal of Nutrition Education and Behavior 37(5): 242-245. 
Wansink, B., C. R. Payne and P. Chandon (2007). "Internal and external cues of meal 
cessation: The French Paradox redux?" Obesity 15(12): 2920-2924. 
Wansink, B., K. van Ittersum and J. E. Painter (2006). "Ice cream illusions: Bowls, spoons, 
and self-served portion sizes." American Journal of Preventive Medicine 31(3): 240-243. 
Wardle, J. and S. Beales (1987). "Restraint and food intake: An experimental study of eating 
patterns in the laboratory and in normal life." Behaviour Research and Therapy 25(3): 179-
185. 
391 
 
Wardle, J., A. Haase, A. Steptoe, M. Nillapun, K. Jonwutiwes and F. Bellisie (2004). 
"Gender differences in food choice: The contribution of health beliefs and dieting." Annals of 
Behavioral Medicine 27(2): 107-116. 
Wasse, L. K., C. Sunderland, J. A. King, R. L. Batterham and D. J. Stensel (2012). "Influence 
of rest and exercise at a simulated altitude of 4,000 m on appetite, energy intake, and plasma 
concentrations of acylated ghrelin and peptide YY." Journal of Applied Physiology 112(4): 
552-559. 
Weiss, E. C., D. A. Galuska, L. Kettel Khan, C. Gillespie and M. K. Serdula (2007). "Weight 
regain in U.S. adults who experienced substantial weight loss, 1999–2002." American Journal 
of Preventive Medicine 33(1): 34-40. 
Weller, R. E., E. W. Cook Iii, K. B. Avsar and J. E. Cox (2008). "Obese women show greater 
delay discounting than healthy-weight women." Appetite 51(3): 563-569. 
Westenhoefer, J., P. Broeckmann, A.-K. Münch and V. Pudel (1994). "Cognitive control of 
eating behavior and the disinhibition effect." Appetite 23(1): 27-41. 
Westenhoefer, J., A. J. Stunkard and V. Pudel (1999). "Validation of the flexible and rigid 
control dimensions of dietary restraint." International Journal of Eating Disorders 26(1): 53-
64. 
Westerterp-Plantenga, M. S., K. P. Kempen and W. H. Saris (1998). "Determinants of weight 
maintenance in women after diet-induced weight reduction." International Journal of Obesity 
and Related Metabolic Disorders 22(1): 1-6. 
Westerterp, K. R. and J. R. Speakman (2008). "Physical activity energy expenditure has not 
declined since the 1980s and matches energy expenditures of wild mammals." International 
Journal of Obesity 32(8): 1256-1263. 
392 
 
Weuve, J., J. Kang, J. E. Manson, M. B. Breteler, J. H. Ware and F. Grodstein (2004). 
"Physical activity, including walking, and cognitive function in older women." JAMA 
292(12): 1454-1461. 
White, M., B. Lawford, C. Morris and R. Young (2009). "Interaction between DRD2 C957T 
polymorphism and an acute psychosocial stressor on reward-related behavioral impulsivity." 
Behavior Genetics 39(3): 285-295. 
White, M. J., C. P. Morris, B. R. Lawford and R. M. Young (2008). "Behavioral phenotypes 
of impulsivity related to the ANKK1 gene are independent of an acute stressor." Behavioural 
and Brain Functions 4: 54. 
Whybrow, S., D. A. Hughes, P. Ritz, A. M. Johnstone, G. W. Horgan, N. A. King, J. E. 
Blundell and J. R. Stubbs (2008). "The effect of an incremental increase in exercise on 
appetite, eating behaviour and energy balance in lean men and women feeding ad libitum." 
British Journal of Nutrition 100(05): 1109-1115. 
Wilksch, S. and T. D. Wade (2004). "Differences between women with anorexia nervosa and 
restrained eaters on shape and weight concerns, self-esteem, and depression." International 
Journal of Eating Disorders 35(4): 571-578. 
Willeumier, K. C., D. V. Taylor and D. G. Amen (2011). "Elevated BMI is associated with 
decreased blood flow in the prefrontal cortex using SPECT imaging in healthy adults." 
Obesity 19(5): 1095-1097. 
Williamson, D. A., C. K. Martin, E. York-Crowe, S. D. Anton, L. M. Redman, H. Han and E. 
Ravussin (2007). "Measurement of dietary restraint: Validity tests of four questionnaires." 
Appetite 48(2): 183-192. 
Wills, T. A., C. R. Isasi, D. Mendoza and M. G. Ainette (2007). "Self-control constructs 
related to measures of dietary intake and physical activity in adolescents." Journal of 
Adolescent Health 41(6): 551-558. 
393 
 
Wing, R. R. and J. O. Hill (2001). "Successful weight loss maintenance." Annual Review of 
Nutrition 21(1): 323-341. 
Wirt, T., V. Hundsdörfer, A. Schreiber, D. Kesztyüs and J. M. Steinacker (2014). 
"Associations between inhibitory control and body weight in German primary school 
children." Eating Behaviors 15(1): 9-12. 
Witbracht, M. G., K. D. Laugero, M. D. Van Loan, S. H. Adams and N. L. Keim (2011). 
"Performance on the Iowa Gambling Task is related to magnitude of weight loss and salivary 
cortisol in a diet-induced weight loss intervention in overweight women." Physiology & 
Behavior 106(2): 291-297. 
Wonderlich-Tierney, A. L., K. R. Wenzel, J. S. Vander Wal and J. Wang-Hall (2013). "Food-
related advertisements and food intake among adult men and women." Appetite 71(0): 57-62. 
Woo, J., K. O. Shin, S. Y. Park, K. S. Jang and S. Kang (2013). "Effects of exercise and diet 
change on cognition function and synaptic plasticity in high fat diet induced obese rats." 
Lipids in Health and Disease 12: 144. 
Woo, R., J. S. Garrow and F. X. Pi-Sunyer (1982). "Voluntary food intake during prolonged 
exercise in obese women." The American Journal of Clinical Nutrition 36(3): 478-484. 
Wu, C.-T. and C. H. Hillman (2013). "Aerobic fitness and the attentional blink in 
preadolescent children." Neuropsychology 27(6): 642-653. 
Yeomans, M. R. (2007). The role of palatability in control of human appetite: Implications 
for understanding and treating obesity. Appetite and Body Weight. C. K. Tim and J. C. 
Steven. Burlington, Academic Press: 247-269. 
Yeomans, M. R., J. E. Blundell and M. Leshem (2004). " Palatability: response to nutritional 
need or need-free stimulation of appetite?" British Journal of Nutrition 92: S3-S14. 
394 
 
Yi, C.-X., O. Al-Massadi, E. Donelan, M. Lehti, J. Weber, C. Ress, C. Trivedi, T. D. Müller, 
S. C. Woods and S. M. Hofmann (2012). "Exercise protects against high-fat diet-induced 
hypothalamic inflammation." Physiology & Behavior 106(4): 485-490. 
Yokum, S., A. N. Gearhardt, J. L. Harris, K. D. Brownell and E. Stice (2014). "Individual 
differences in striatum activity to food commercials predict weight gain in adolescents." 
Obesity. 
Yokum, S., J. Ng and E. Stice (2012). "Relation of regional gray and white matter volumes to 
current BMI and future increases in BMI: a prospective MRI study." International Journal of 
Obesity and Related Metabolic Disorders 36(5): 656-664. 
Young, L. R. and M. Nestle (2002). "The contribution of expanding portion sizes to the US 
obesity epidemic." American Journal of Public Health 92(2): 246-249. 
Yuan, P. and N. Raz (2014). "Prefrontal cortex and executive functions in healthy adults: A 
meta-analysis of structural neuroimaging studies." Neuroscience & Biobehavioral Reviews 
42(0): 180-192. 
Zheng, H., N. R. Lenard, A. C. Shin and H. R. Berthoud (2009). "Appetite control and energy 
balance regulation in the modern world: reward-driven brain overrides repletion signals." 
International Journal of Obesity 33(S2): S8-S13. 
Zizza, C., A. M. Siega-Riz and B. M. Popkin (2001). "Significant increase in young adults' 
snacking between 1977–1978 and 1994–1996 represents a cause for concern!" Preventive 
Medicine 32(4): 303-310. 
Zylan, K. D. (1996). "Gender differences in the reasons given for meal termination." Appetite 
26(1): 37-44. 
 
 
